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FOREWORD 



The nee(fWP^dditional watcr'and wastewater treatment 
facilities and for the improvement of the design and 
operation of such facilities ,is well known and extensively 
documented in the^ popular press, the scientific and 
engineering literature, and governmental publications. 
\ Congress has responded to this need through legislation 
which has resulted in .the appropriation of se veral billions of 
dollars and! it is expect^ed that high expenditures will be 
required for several years. However, it is not so well known 
that research efforts on water and wastewater treatment 
have lagged far behind efforts related to treatment plant 
construction. One for the major reasons for this discrepancy 
is inadequate financial support for research, as documented 
in the 1974 Comptroller General's Report' to the Congress 
oti **Research and Demonstration Programs to Achieve 
Water Quality Goals: What the Federal Government Needs 
to Do." A quote from this report is as follows: 

**MunicipaLtechnology R&D funding has decreased 64% 
. over the last 7 years, while funding of EPA's\cOnstruction 
grant program has increased about 3,200 perc^^nl." 
Although declining financial support fo\r long-term, 
fundamental research is a problem throughout the 
scientific and engineering community, the probjem is even 
more serious in the environmental engineering area. 
Traditionally, this disciphne has received research support 
frorxi the Environmental Protection Agency \and its 
predecessor agencies. However, since the creation of the 
-EPA in 1^70, funding Ijfas been primarili for shoft-term 
projects designed to support the mission of a regulatory 
agency thus leading to a neglect of long-terra, fundahiental 
research. The current pOsitiorrof th^EPA with'respect to.the 
type of research supported is best illustrated by quoting 
from the 1976 EPA Office of Research and Development 
Report to Congress^ on "Environmental Research Outlook: 
FY 1976-15>80." | • . ' / 

• **EPA's overall research program must support the mission ■ 
of a regulatory agency. Specific researcji objectives and :!\ 
priorities derive from objectives and priorities that EPA 
establishes in fulfilling its total legislative mandate. 
Accordingly, the research program is "mission oriented** 
• with emphasis on production of timely ^ind quality ' \. 
outputs— i.e., research results that are directly useful to \ 
environmental d(A:ision-makers, regulatory officials and y 
polluters." " ' 



This Conference was organized to direct tHe attention of 
those in government, in academia, and in the priv^ie-sector 
to the need for increased etforts in long-term, fundamcmlal 
research on water and wastewater treatment s^tcms. 
Moreover^ it is hoped that through the definition (ffspecific 
research needs, a larger portion of the research talents in the 
environmental engineering profession will be diverted to 
fundamental research thus reversing the trend toward short- 
term, immediate-application research which has come to 
dominate the field. Althoiigh no one questions the need for 
short-term research, a better balance^between the two types 
is necessary if the problems of water pollution control are to 
be solved. |[ 

Accordingly, the primary objectives of the Conference 
were to: ( 1 ) provide a forum and focal point for the exchange 
of information on fundamental research needs between the 
academic community,' Users of research, and granting 
agencies; (2) define and establish priorities for these research 
needs; and (3) disseminate the Conference proceedings for 
the purpose of stimulating research in high-priority areas. 
Of course, the ultimate objective of the Conference is to 
imjjrove the quality of • the nation's water resources. 
Increased attention to fundamental research on water and 
wastewater treatment represents one of the major avenues 
by which this objective can be accomplished. » 

These proceedihgs represent the integrated best 
judgement of the experts gathered at the Conference as to . 
long-term, fundamental research needs on water and 
wastewater treatment systems. It should provide a firm 
foundation for the development of a national research 
program in this important area. ^ 



John F.' Andrews, Cochairman 
AEEP/NSF Conference on Fundamental 
Research Needs for Water and 
Wastewater Treatment Systems 
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BASIC RESEARCH IN ENVIRONMENTAL EN9INEERING, 
' AT tf:IE NATIONAL SCIENCE FOUNDATION 



• ; ' A,A. Ezra 

"^National Science Fouiid^tioii 
Washiiigton, DX. 



" The' Engineerihg Division^ at the National Science 
Foundatfon supports basic research in environmental 

^ engineering. 'As a rough guide to^ what we mean by basic 
research, I shall provide the 'following^efinition: 
?xpforatioa. of r^atural phenomena of interest' [q 

, ^vironmental engineering, the attempt to explain the,m^ or 
descHbe them quantitatively in terms of first principles. It is 
recognized that engineering research; both basic and applied, 
i« feeperally problem oriented " and. that' it is often not 
dbytpus whether a particular project is more basic in nature ' 
or mofe applied. When the^e cases arise,nhey are discussed 
by Dr. Ed Bryan and*^dfhyself to make this'.determhiat'ion.' l 
shpuld^emphasizfe that it really, doesn't rnake too much 
difference ' to which directorate of the Foundation av 
propos^i.is siibmitted, or whether the propo3er thinks his 
work is basic or^applied. What is important is whether his : 
proposal'is reviewed favorably. If it is^ support wijl be found 
somehow, even if it means carrying it qyer to the next fiscal 

^yeaf,.o> fundi rig it at^a much lower lev^l than originally 
requested. \. • ' 

Frbposals for support of basic research in Environmental 
Engineering-' are unsojlicjted. We >Jlow the research 
comnfiuiiity to tell us what* they thin)c^i5^importa^ 
a very thorough review of the relevant liferature. must be 
presented in the introduction to. the proposal in order^^ 
provide the necessary justification for.the propos^ed research 
project. Ga'ps in existing knowledge xnust be'identified, and 
the relationship of the proposed project'tb filling or bridging 
these gaps must be clearly presented. Tfee references cited in 
the literature review should be alphabeticallv^rranged by 
author. , / 

The next most important chapter is the technical, 
approach. While we recognize that what appears to be a 
reasonably, technical.apprpach al the beginning of a research 



yThe review .process, is ad hoc. We solicit bymail tfie 
/services of experts in the field, who review- the pf ogosais on a 
voluntary basis^there. is no financiaf reward for their 
services.olt wise to remember that a reviewer is generally 
an author of otie or more papers in the field, A less than 
;thbrough ceview of the literature in the proposal may omit 
reference to on^ of his'(or her) publications— something that, 
he for she) often regards a§ evidence of poor Scholarship. On 
^the othef hahd^an unduLy.critical review of a ptiblicatidn* 
may accidentally wind up in the hands of a reviewer who 
authored that publicatijQiaw An unduly harsh review of^ 
proposal is usually checked out for a possible bias (l,ue to this 
sort'of accidental Qocurrencc, and* the reviewers comments 
are weighed a'ccbrdingly. \ \ « 

There is no specified de^dlipc for basic research proposals 
Ifi Env4r9nmenta^ Engjneerinjg. They are seiit out for review 
as they come jn, and .the reviewers are the pacing element ill 
' the decision process. Proposals have to^be acted on, oneway! 
* or another, within nine months of being received by the 
Foundation. Those of you who are requested to be reviewers ' 
, "Jhouid keep in mind that your delay may be*h61ding up a 
very important decision for a yo.ung faculty member who is' 
^ being evaluated for ten ure, or for a graduate 'student whose 
ability to stay in school xjepends on the resedrch. grant his 
professor is seeking from*' us. « / v ^ 
^ While the basic research proposals are unsolicited, and 
while the content of research proposals funded in the past 
are riot necessarily a guide to theTuturerit may be of some 
help to you to knojv what kinds of l^asic reiearch projects in 
A Environmental Engineering have been funded by us. With 
this in mind, the following tables are presented. - 

The' first is a list of program elements, baspd on the 
research proposals we have received«yand funded in the past 
three years. The relative' amounts of slipport for each 



, - ' o ^ ^" jrwaiD. Aiit i^iaiivc aiiiuuiilK Ul SUppOFi lOr Cacn 

project may Soon be abandoned in favor of a;iotIier, we ne^ element change from year to ybar, depending on the relative 

evidence that enough thought has been given to the subject, ;numbe.rand quality of research proposals we receive in each 

to make it possible, for the proposer to present a plaustble element. The total budget for thtf WaterResources, Urban 

technical approach. - and Environmental Engineering Program in any given fiscal 
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' year is allocated omhc Basis of both the number and dollar 
.>alue of the research pmposals received in the previous year. 
-For FY 78, thfs budgetrs approximately $3.1 million. ' ^ 
^ ' t Table I T summarizes the awards made in FY 77 for 
basic research projec'ts that are closest to thf intere^sts of the 
*>Ajisociation of Enviror)rfiental Engineering Professors. The 
•-^ third ta^le is a similar summary for "awards made as of 
December 1977 in FY« 78. The relative amounts may be. 
regarded aj a possible indication of future directions; 

-Fhe relationship of these projects funded by the 
Engineering Division at NSF to the interests of the Applied 
Scie/ice and Research Applications Directorate at NSF op 
. to the EnviconmentaL Protection Agency may be vis^ualized 
as follows. On completion of these projects which ^ 
considered to be basi9-rl*search the.principal investigator^ 
could well turn to the ASR A directorate at NSF for support 
to. carry his work one step <:loserao application and 
-ultimately tct- the* EPA: Conversely, applied research 
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projects supported by ASR A, or R&D projects supported 
by gPA may well reveal deficiencies jn basic knowledge 
which could then lead to basic -research projects supported 
by the Engineering Division of NSF. ' > ' ^ 

in coiTclusion, this workshop would be considered a 
success if it helps to crystallize your thoughts in the farm of 
^research proposals in Environmental Engineering. 



> TABLE I 
PROGRAM ELEMENTS • 

Transport Diffusion and Removal of Pollutants 

Erosion'and Transport of Sed)ment 

Flow Through Underground Aquifers 

Hydrodynamics of Surface Ronbff ■ ^ 

Wind-Wave Interaqjion 

Interaction of Winds and Urban Structures 



'U'.*of Mo., Co^mbia 



U. bf^Galif., Davis 
U. of Calif Berkeley 

M.LT. - . 

U. orill. 



' TABLE II - " 

FY 77 SUMMARY OF AWARDS 
ENVIRONMENTAL ENGINEERING . 

Novak Influence. of Nutrient Concentration, 

^ Li^ht and Temperature on Algae -"^ 

Sedimer^tation Basin Performance ' 



U. of 111. 
M.I.T. 

AEEP 



^r^'weV 
Jenkins 



•Activated^ludge Floe Structure and Its 
Relation to Process Performance 



Kuo 



Old Dominion U. 

Nat. Academy of Sciences ' -^Schad 



TOTAL FOR FY 77 $482,100 
TOTAL PROGRAM BUDQET, "FY 77'$3,374,000 
EI^VIRONMENTAL PERCENT OF TOTAL 14% 



Harlema^ Dynamic Analysis. of Nutrient' Removal 
• V V by Waste Stabilization Ponds * 

Holley ' TraTiS^ort of Effluents in Rivers \ ^ 

Similitude of Mass Transport 
Processes m ajyEstuarine JVIbdeJ 

Partial Support of'Committees for 
International Environment Program 

A'ir Bubble Induced Dilutit?n 

Nutrient Uptake and Growth Under 
J. Unsteady Conditions ' , 

Conference on Fundamental Research 
Needs in Water and Wastewater : 
Treatment Systems ' 



Maxwell 
Chisolm 
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■ J- . 
TABLE III V 




V • . , ■ ■ ■ ■ 


SOME FY 78 AWARDS 
ENVIRONMENTAL ENGINEERING / 


■ . •■ 


SUNY. Buffalo 


Middleton 


■ * ■' . .' 
Phosphorus Solubilizatrwi Durinjg 
^ Anaerobic JDccomposition of Algae 


f * • " . 


Purdue 


Grady 


.V' . ■ V- ■ 
Factors Affecting Organic Microbial 

By-Products in Activated Sludge • 
Effluents 




U: of Houston ' 


. Andrew^ 


Dynamic Models and Control Strategies 
for Wastewater Treatment Plants : 




* ^ . . f>Catholic U.^ 

' * * ' ' ■■• . 


kao 


Effects of Buoyant Pollution 
^ • Distharge on Water Quality Control 
. *' in Rivers and Coastal Regions 




Stanford U. 
Stanford U. 


Rcmson 
Franzini 


V Ground^yater Management and Solute 
Transport Models 

^ . ^ , ■ 

. Mixing Processes in the Simulation 
Modeling of.Irrecularlv ShaneH 
Water Bodies / . V " 




Columbia U; 


'.*»■'■ 
Grytc 


Dewateting of Sewage Slijdges by ' 
Freeze-Thaw Techniques 




^yracusc.u. 


"^Barduhn 


Eutcctic Freezing Process for 
Wastewater Treatment and Ice 
Crystal Growth Rates 




1 TOTAL TO FY 78 


^^1.682 


— 1 
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RESEARCH DIRECTEp TOWARD APPROPRIATE MANAGEMENT OF > 
. WASTEWATER TREATMENT PLANT SLUDGES AND 
POLLUTANTS OF DIFFUSE ORIGIN 

' • ■ Edward H. 9ryan 

• /National Science Foundation 

Washington, D.C. 



INTRODUCTION' ^ ^ 

' Shortly after Congrcssionar action amending the 
National Science 4^oundation statute to authorize its 
support of applied research, NSF announced ^and 
implemented its program of Research Applied to National 
-Needs. The characteristics of the program were described by 
Dr. Raymond Bisplinghoff in his address to the American 
Association for the Advancement of Science at [ts 1972 
•meeting. He suggested that, in contrast to basic research, 
problem-focused research is typicarlly, externally motivated 
to satisfy the needs of society. Its role in providing support 
entitles society to insist that, research objectives be 
influenced, if not totally determined by ultimate utility of 
th£^tesults and that responsibility for selecting research 
problems was the sponsor's. He further suggested' that 
research directed toward sblvilig complex problems of 
.socwty was likely, itself, to be complex because the issues 
involved 'social and human values. He further indicated the 
inlportafice of estimating the value of proposed*'research 
before its initiation and that emphasis be placed upon 
important problems. While sharing with any good research 
the attributes 6f discovering gaps in knowledge for further 
intellectual exploration and offering students educational* 
opportunities, success of probleni-focused research would 
be measured by the extent to which it found solutions to the 
problems addressed.' Provision of reasonable balance 
'between support of traditional basic and applied research 
would continue to* recognize investigat(^-prerbgative for 
decisions;as to the nature of their research and not require 
that all researchers submit to the disciplines^ that is 
characterisitc of research management by objectives. 

RESIDUALS MANAGEMENT ^ 

The residuals management subeiement vyithin a program 
titled ••Regional Environmental Management*^ was based 
upon recognition of the fundaniental rdsiduals-resource 
relationship of life-forms comprising an ecosystem and that 
effective management of residuals is both a necessary and 



sufficient conditioTi of achievement of good environmental 
quality. Representing as they do both a threat to the' 
ecosystem and potential solution to its security, the program 
strategy has been to couple management of residues with the * 
recovery of their v^lue as a resource as a means to maximize 
the potential for implementatlqn of solutions to problems of 
environmental quaKty. - 

The resultant pro^m has consisted of research that- 
addresses management »of community wastewater,, 
treatnlent plant sludges, pollutants from diffuse (non- 

i* \>pint) sources and selected industrial pollutants. Research 
projects currently underway or recently completed that 
address these four issues are summarized in Table.s I-IV., 

_ inclusive. The diversity of professional qualifications for 
undertaking^ research on environmental issues is apparent 
from this tabular arrangement of information. 

COORDINATION ACTIVITIES 

The increased need for coordination with mission 
agencies and other potential users is a distinguishing feature 
of problem-focused researoh^in comparison with both basic 
and traditional applied research. Coordination occurs 
. during review of individual proposals, as a result of 
participation in appropriate interagency ^codrdinating 
committee . meetings and national^ conferences and by 
sharing of research costs through interagency and 
interdivisional agreement. Examples include current cost 
Shgiring between the National Science, Foundation and the 
U.S. Environmental Protection Agency in the research on 
energized electron disinfection of sludge at MIT and the 
environment^ effects of extracting oil frorn^ oil shale. The 
latter project also includes cost sharing with the Department 
of Energy (Energy Research and Development- 
Administration and the Federal Energy Office)- and the 
Engineering Division, of the NSF Research Directorate. 
The final award in support of research directed toward 
characterization of diffuse pollutants entering Chesapeake 
Bay conducted by the Chesapeake Research£onsortium in 
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cooperation with the EPA-Athens, Geprgia laboratory was 
made through the Philadelphia Regional Office of EPA. 
This was an initial step toward development of the EPA 
Chesapeake Bay Studies Program.' 

The. award to the University of North Carolina for Dr. 
Lauria's_inve$tigatioh of the limits of regionalization 
* relating to the collection and treatment of wastewater was 
' made in coopQratioir with the Engineering Division's 
Research Inrtianonj^ard program. The study by Dr. 
Okun of regionalizmion of water management in England 
/ and Wales was joirkly supported by the, National Sci^ce 
and Rockefeller Four^datlons^ The wetland utilization study 
; in Florida under the i^j^ction of Dr. Okun ^as also been 
' . jointly supported by NSFaifd the Rockefeller Foundation. 

' CONCLUSION :'\ . - 

The goal of research directed' toward management of 
residuals has been'to reduce to aft acceptable level the risks 
to homah and ecosysterp health that arise from and are 
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associated with the use ^ waiter. The program has been 
primarily^ di^cted toward -application of appropriate 
technologies to achieve correspondence between natural' 
laws that govern the" operation of ecosystems and societal 
mechanisms for managem'ent of factors that affect risk to 
human health or to that'^of the ecosystem upon which we are 
vitally dependent. I ' 

e The control of water pollution is an important aspect of 
the interface between community water supply - and 
appropriate rhanagement of its wastewater. As one of the 
natural resourced generally in public ownership, benefits 
from community water an3 threats to them are of public 

' concern. These threats which arise in large part from failures 
to properly^ manage societal residues need to be better 
understood ks a prerequisite to being/better managed. 

Research, whether basic, applied or directed can 
contribute to better understanding, the application of that 
understanding tq establish its significance and finally its 
directioij toward solutions to problems. 
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TABLE I 

MANAGEMENT OF COMMUNITY, WASTEWAlilR 



Invcstiftor 



Pisciplin 



0 .Institution 



Title of Project 



Robert H. Kadlec 

t 

Howard T. Odum 

Jeffrey C. Sutherland 
Walter Fritz 
Thomas- D. Waite 
Robcr L. Irvine 

Wesley O. Pipes. 
Ariin K. D^b 

Donald T. Lauria 
Daniel A. Okun ■ 



Chemical Engineer 



Ecologist 
(Zoology) 



Geologist 



Civil Engineer- 
J Civil Engineer 



Chemical Engineer 

Civii Engineer 
Civil Engineer 

Civil Ehginp^r 
CiiSl Engiheeir . 



Univfii^ity of .. 
Michigan 



University of Florida 



Williams and .Works. Inc." 
Boyle Engineering Co. 
Northwestern University 



I University of 
Notre Dame ' 



.Drexel University ' 
Roy F. Weston, Inc. 



University of North 
Carolina * 



University of 
North Carolina 



Feasibility of Utilization of Wetland * 
Ecdsystems for Nutrient Removal -. 
from Secondary Municipal Wastewater 
Treatment Plant Effluent 
. . ♦ 

Feasibility of Utifizing Cypress ' 
J Wetlands for Conservation of Water ' 
and Nutrients in Effluent front ' 
Municipal Wastewater Trc^^ent Plants^ 

Use of ^Wetlands for-Managrnerit of 
Pond-Stabili?6d Domestic' Wa'ste water 

^ Tertiary Treatment of Municipal Waste- . 
water Using/Cypress Wejlant^^ 

Ferrate Ion Disinfection of • 
, Municipal Wastewater , 

Application of Sequencing Batch^ 
Reactors {"or Treatment of Municipal 
and Industrial Wastewaters - 



Water Quality and Health Significance 
of Bacteria^ Indicators of Pollution 



^ Wastewater Rouse for Regional 
• Management of Water to Meet Urbarf 
Needs ■ . ■ V ' ; . ^ . ■ ■ 

Regibnalization of Wastewater 
Collection and Treatment^ Location, 
Scale and Construction Sequence, 
of System Components 

Applicability of Reorganization of ' 
*^ Water Management in England to 

Wastewater Management in ihc United 
States V 
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A; TABLE II ^ • 

RESEARCH APPLIED TO MANAGEMENT OF MUNICIPAL t 
: WASTEWATER TREATMENT PLANT SLUDGES . 



Investititor 



DiKipline 



Institution 



Resckrch Project Title 



John G. Trump 
Edward ^y. Merrill . 
Anthony J. Sinskcy " 

Thcodbrc G. Mclcalf 



. Bernard p. Sagik 



James U Smith' 



Electrical Engineer ^ 
Cfiemical Engineer , 
. ^Nutrition/ Food Science 

Microbiologist \ 
(Virology) . 



Microbiologist 
(Virdlpgy) 



\ Agricultural 
Engineec 




Massachusetts 
Institute of 
Technology 

University of ^ew 
Hampshire ' 



University of Texas- 
San Antonio ; 



Colorado State 
University . 



High Energy Electron Irradiation 

of Municipal Wastewater Liquid ^ 

Residuals \ 

Disinfection of Enteric 
Viruses in Municipal 
Sludge by Use of Energized . 
Electrons' 

Potential Health Risks 
Associated With Injection of 
Residual Domestic Wastewater 
Sludges into Soils 

Land Management oi Subsurface — 
Injected Wastewater Liquid 
Residuals 



*Mary Beth Kirkham 
'William J. Manning 



P C. Che6 



C.-Fred .Gurnham 



Richard 1. Dick 



Agronomist 
Plant. Pathologist 



Plant Patholi 



It^gist 



Chemical Engineer 



Civil (Environmental) 
Engijieer 



Oklahoma.State U 
U of Massachusetts' 



California" Arboretum 
Foundation, Los Angeles 
Arboretum 

uumtiam and Associates 
Cornell University 



Agricultural Value of Irradiated 
Municipal Wastewater Trtotment| 
Plant Sludges 

Mechanism of Plant Virus . 
Inactivation in Soils Injected 
with Municipal Wastewaterjind > 
Treatment Plant Sludges^ 

Control of Heavy Metal 

Content of Municipal Wastewater . 

Sludges ' 

Process Selection for Optimum 
Management o(^ Regional Waste- 
water Treatment Residuals "'^ 



Roy Hartenstein 



Invertebrate 
Zoologist 



State University of 
New York — Syracuse 



■ Utilization of Soil invertet)rates 
in Stabilization, Decontamination 
and Detoxification of Residual 
— Sludgcs-frpmTreatmentof"^ ^ 
Wastewater 



Jack E. Collier , 



Stephen C. Havlicek 
Robert S. Ingols 



Charles Finance 



Industrial Engineer 



Organic Chemist 
Biologist 



Film Production 
.and Direction . 



Collier Worm Ranch 



Georgia-Institute of 
Technology 



Media Four Productions 



Conversion of Municipal Waste-> 
water Treatment Plant Residual 
Sludges Into Earthworm Castings 
for Use as Topsoil 

Effect of Infrared Radiation 
i)n Compaction of Municipal 
Wastewater Sludges 

Synthesis of a Municipal Waste- 
water Sludge Management System 
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TABLE III 

MANAGEMENT OF DIFFUSE (NON-POINT) SOURCES OF POLLUTANTS 



Invest! |»tor 



Discipline 



Institution 



Project Title 



William H. Queen 



W. Lee Schrpcder 



David L. Correll 



Peter M. Culcor 



Richard G. Kocgei 



William L. Rathje 



jBotany 



Civil Engineer 



Physicist 



Chemical Engineer 
and Business 
Administration 



Mechanical and 
Agricultural Engineer 



Anthropologist 



University of 
Maryland 



Oregon State 
University 



Smithsonian 
Institution 



Teknekron, Inc. 



University of 
Wisconsin 



University of 
Arizona . 



Management of Physical Alterations 
to the Edges of Chesapeake Bay and 
Their Effects on Environmental 
Quality 

Assessment of Impact on Estuarine 
Ecosystems Resulting from 
Residuals Management by Dredging 

Impact of Pollutants from Diffuse 
Sources on Quaility of Water in' 
Chesapeake Bay 

^Management of Threat to Regfonal 
Environmental Qualityfrom 
Discarded, Used Lubricating Oil 
by Recovery for Reuse as a 
Lubricant 

.Improvement and Evaluation of 
Techniques for the Mechanical 
Removal and Utilization of 
Eyress Aquatic Vegetation 

S<>^oecbnomic Correlates of 
Household Food Residuals— Phase 2: 
Management Strategies 
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TABLE IV 

INDUSTRIAL RESIDUALS MANAGEMENT 



■ Investigator 



Discipline 



Institution 



Project Title 



Carlos R. Guerra 



Albert F. Eblc 

A. Farmanfarmaian 

Jack V. Matron 



Josef J. Schmidi-Collerus 



4 



George D. Ward 



Larry Boers ma 



R.V. Subramanian 



William R. Walker . 

r 



Engineering ^ience 

. Biologist 
Physiologist 

Civil Engineer 



Organic Chemist 



Civil Engineer 



.3oil Science 



Chemical Engineer 



Civil Engineer 
Law 



Public Service 
Electric & Gas Co. 

Trenton State College 
Rutgers University 

University of Houston 



Denver Research 
Institute 



George D. Ward & 
Associates 



Oregon State 
University 



Washington State 
University 

Virginia Polytech;iic 
- Institute 



Utilization of Waste Heat From 
Power* Plants in Aquaculturc 

Subcontract with PSE & G 
Subcontract with PSE & G 

Ffeasibility of.EIiminating 
Discharges. of Pollutants fradm Cooling 
Towers 

Characterization of Contaminants 
in Oil Shale Residuals and the - 
Potential for Their Management 
to Meet Environmental Quality- 
Standards 

Controlled Soil Microbial 
Detoxification of Herbicide 
Residues 

Utilization of Waste Heat in a' 
System for Management of Animal 
Residuals to Recover and Recycle 
Nutrients 

Immobilization of Hazardous 
.Residuals by Encapsulation 

Management of Liquid Residuals 
by Deep-Weir Injection 
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FUNDAMENTAL RESEARCH NEEDS 
AS SEEN BY A MUNICIPAL WATER DEPARTMENT 

Carmen Fv Guarino 
Water Commissioner, Philadephia Water Department 
Joseph V. Radziul 
Chief, Research and Development, Philadelphia .Water Department 

Patrick R. Cairo 

Assistant Chief, Research and Development, Philadelphia Water Department 



INTRODUCTIpN , 

The continuing need for fundamental researetriiKlhe ' 
areas of water treatment and wastewater pollution control 
' has been recognized, redefined and reprioritized on a rather 
frequent basis. The focus of this action has generally been 
engendered by the en^ment of federal laws^ an emerging 
national awareness of the effect of pollutiotl oh the 
envi/onmeht and,, most recently, the concern for 
conservation of Hxed, unrenewable natural resources./ 
Unfortunately, fundamental research in the water Held has 
seldom been cognizant of operation, maintehance and 
economic constraints faced by water and wastewater 
treatment facihties. As ones responsible for planning, 
management and operation of these two types pf facilities,; 
we Tmd it essential that research investigators should also , 
consider input at the level of implementation if they hope 
that their work will result in successful practical 
applications. Furthermore, any fundamental research must 
also include inputs from industry, consultants and the 
. general public since these^activities will necessarily require 
. Hnancial support and approval from the community at 
larjge. \ 

The dwindling financial support for fbndamentail 
research is the second area which!' needs your serious 
consideration.' Research is an investment which the water 
field can ill afford to neglect. Although billions of*dollaVs are 
currently being spent on the design and construction of new 
wastewater facilities, a meager fraction of this sum is used to 
support the basic research which is necessary to develop new 
techniques or to help truly understand existing processes so 
that these may be operated at constant high efficiency. 
Increased financial support by the federal government is the 
only possible means of achieving the level of fundamental 
research required If this country is truly seeking to reach a 
safer, cleaner ?rivirpnment. 

' The panermembers of this session represent all areas pf 
influence and'contribution to the user such as regulatory, 
agencies, industries and consultants. Missing from this 



^ discussion would be members ^om^lhe general public as 
well as those, with specific interests such as 
environmentalists. This forunfwillseek to obtain connfments 
from this sector by the.questions and discussions which will 
follow the presentations. 

GENERAL DISCUSSION 

Management of a large municipal Water and Wastewater 
Treatment Department presents many difficult problems in - 
planning, control and innovation. Since all these activities 
require financial support and approval of the community, 
time becomes a. critieial factor in all of our decision niaking. 

For example, the upgrading of our wastewater facilities 
will 'encompass ten years of efforf and\pproximately half a 
billion- dollars of public funds. The last updating of piir- 
water treatment facilities spanned more than ten year's, and 
current plans for automation and trace organics removal 
will take at least five more years. 

Investments of these types required theapplicatipn of the 
broadiest knowledge available in the fundamental principles 
^ being utilized. And yet, a large p^rt of our decision making 
process is baseld on. a primitive understanding of the 
/ fundamentals involved. For instance, the development of 
detailed design criteria for the actiVated sludge process is 
still art empirical operation, t'his process has been utilized 
/oyer seventy years, and not until the last twenty years has a 
scientific method been employed for the. formulation of a 
.basic understahding/of the activated sludge process. The 
application of th^ fundamental equations developed to date 
are still subject to engi«eering interpretation and experience 
which may result in many different design variations 
producing the desired effluent quality. Laboratory and pilot 
plant evaluations are still required in specific areas to 
support engineering decision, making. '■ ^ . 

Billions of dollars are being presently spent on the 
installation of this process throughout the country, while a 
complete understanding of process basics may be available 
in thp . distant future. 
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In other jnstances, gilthough there may exisr a basic 
^understanding of the theory and empirical relationships 
within the unit process, very little may be known about the 
dynamics of each individual unit process or the 
interrelatibnship that the various processes will have upon 
each other. . - 

Fundamental', r^^earch should be directed towards 
deriving, innovation's and answers whicih could be usejful to 
the design atid plan4j engineers-in developing process control 
strategies. These wbuld enable the optimization of entire 
treatment plants in feed-forward or feed-back fashion to 
produce a high quality product with a minimum expenditure 
in personnel, energy and resources. 

In. large utilities recognition of the gap between outputs 
~fco.m fundamental research studies land . .usable process 
design. crfte^ria.:j}as led to the creation of in-house staffs 
which must translatr^fuadamental research into applied, 
technology! Although meeting tile needs of a specific utility, 
this has often led to a duplication of effort among the 
various utilities due' to lack of communication and 
cooperatibn which often results from independent 
organiilations. It jj^oujld be emphasized that this is riot the 
case in certain countries such as Germany and Britain where 
both fundamental research and applied technology is 
sponsored and directed by strong, un organizations. 

■ ' * ' \ 

WATER RESOURCES AND WATER TREATMENT 
NEEDS ' • . •. 

Fundamental research in water resources, wastewaterand 
water treatment is being discussed in detail by the various 
speakers today. To present these from a user perspective, we 
will briefly discuss certain problems that are facing water 
utilities trying to meet ^the requirements of federal 
regulations as welUas safeguarding the interest and welfare 
of its consumers. 

This country is rapidly making decisions on ocean outfalls 
and ocean dumping of vyastewater sludges and other wastes 
wii^iout a fundamental understanding of the environmental 
yrffects. There is a need for basic understanding of the 
(environmental impacts on marine life and aquaculture to 
oWer'mine if there are trade-offs in using our oceans for 
thermal and solid >yaste disposal. We need a fundamental 
research effort in the utilization of wastewater sludge for 
construction materials and the conversion of large a mounts 
of this available wastewater treatment by-prodoct into 
useful energy products such as methanol. 

In the area of water pollution, probably the greatest . 
offender is. the storhriwater runoff from street surfaces of a 
municipality. This has an important impact to the overall 
water qualify picture not only from the baisis of control of 
discharges but also to improve treatment plant efficiency. 

I/i the treatment of water, there is need for a complete 
study of disinfection alternatives. These studies should ' 
include effectiveness and by-product analysis, as well as 
production and cost of disinfection. ^ 
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Continuing leakage in water transmission lines may cost a 
pity up -to 30 percent of it« water supply. Although this 
problem Is centuries old, there is a need to develop a method • 
for identification of these leaks through some new and 
possibly unique means. Water^metering which is generally 
acknowledged as a proven methcjd of insuring water 
conservation suffers from the use of imprecise and difficult- 
vto-maintain equipment. ^ 

Water treatment plant' by-product sludges represent a 
major solid waste problem. Better methods of dewatering 
and recycling are needed to minimize new chemical usage as 
well as simplify/disposal problems. Study in this area is 
needed to avoid chemical additions and increasing energy 
consumption, and development of possible industrial uses 
of the sludge. , , • 

A large need exists in both water and wastewater 
treatment in improving the entire ar^a of instrumentation. 
Measurement of the amount of biodegradable organic, 
material in waste\yater is indirectly determined by 
measuring the oxygen consumed over a five-da/ period by 
microorganisms in decomposing organic constituents of the 
waste. Techniques producing real-time results would permit 
establishment of process control algorithms and 
adjustments of wastewater treatment plant operations. Thk 
is an especially critical area since federal and state discharge 
standards include BOD measurement as a performance 
standard for treatment plants.v ? 

On the water treatment side we have federal 
bacteriological standards with no real-time capabilities for 
measurement. Whether one uses the multiple-tube 
fermentation procedure, the membrane filter technique or 
the Standard plate count method, many hours are coiisumed 
in preparation, incubation and examination of samples. 
Furthermore, the results obtained do not provide definitive 
information concerning the bacterial safety of the water, 
and evaluation must be presently based on examination of a 
series of samples collected vover a, known and protracted 
period of time. Fundamental research is needed to develop 
more rapid^nalysis as well,as identification 67 pathogenic 
bacteria and virus. 

In the area of waiter resources we neted instrumentation for 
rapid detection and identification of the presencii of toxic 
substances, particularly trace quantities of organic chem- 
cals. This instrumentation should be ciapable of rapid 
detection of toxic chemicals" in river water as well as 
identification of trace organics in treated drinking water. 
- Water distribution systems have a multiplicity of 
elements. These include piping networks, valves and 
multiple pumping stations. The variability of load on a 
water system requires the development of control strategies, 
possibly computerized, that improve system operation 
maintaining pressures and flowis .with reduced energy 
expenditures in power and pumps. The solution would have 
to be anticipatory rather than reactionary and includedaily, 
monthly and sejasonaipatterns of water usage. The solutid^i 
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would also include oprimum efficie;icies of pumps and 
pumping pressures.in water systems. Where the water- 
systems include more than one water^treatment or supply' 
source, the system developed would select the most 
economical and power saving distribution. 

As you can see, we have been pushing technological 
implementation of our basic knowledges in this field to 



maximum fruitiojn; however, this drive, has exposed many 
. voids in our^Know-How." In some areas we will need major 
breakthroughs in basic understandings beYore we will be 
able to take the next giant steps in the waterand^vastewater 
field, Our most important need is the initiation of 
fundamental research now! • v 
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ANTICIPATORY RESEARCH AND DEVELOPMENT 



William J. Lacy, P.E. 
Principal Engineering Science Advisor, Office Research & Development 
U.S. Environmental Protection Agency, Washington, D.C. 20460 



ip4TRODUCTION / 

The purpose of the EPA's jknticipatOry Research and 
Development program will be to: 

1 . Identify Potential Problems Before They Arise 

2. Conduct Long-Term Investigations 

3. Conduct Fundamental Research tp Advance Basic 
Understanding of EnvironmentaPProblems Leading 
to Changes in EPA's Decision-Making Process. ' 

In attempting to achieve these purposes EPA desires to ^ 
improve its ties to the scientific community,, to provide 
improved mechanisms for ^yrfacing innovative ^research 
ideas and to improve' the long-term scientific basis for its ; 
decision making process. 



BACKGROUND! 

The National Academy of Sciences, the Office of 
Technology Assessment, and most recently, the Senate 
Committee on fi'nvironment and Public Works have all 
expressed cpncerp over the lack of fund^ental research in 
EPA. Qther critics have charged that the Agency's 
regulatory responsiblities disrupt the atmosphere for 
fundamental environmental research and that the Agency 
has of|en failed to recognize adverse conditions until after 
widespread damage has occurred. To insulate these types of 
programs from regulatory pressure it has been 
^ecomrtielnded that a specific authorization be enacted 
which wojjld authorize the Agency to perform anticipatory 
and fundamental research, that EPA consider the 
establishment of **Centers of Excellence** to conduct res^rch 
on specific problems and that a "^bottoms up*' planning 
approach be utilized to implement these types of proj^rams. 

The National Academy of Science's "Research and 
Development in the Environmental Protection Agendy," 
Chapter 11, specifically identified the followiTlig activities as 
areas in which anticipatory research and development, 
should be conducted: ^ 
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— Design of Monitoring Systems / 
-^ Characterization of f ollutants and Discharges 
^ Assessment of Trends in Environmetntal Quality 

— Determination of the Fate of Pollutants^ ' 

— Determination of the Effects of Pollutants and Other 
Man-Caused Environmental Disturbances 

— Investigation of Fundamental Physical, Chemical, 
and Biological ProcesjaS^ ' 

V- Analysis and Mpdeling of Ecosystems 



RJECENT ACTIVITIES . 
\ In order to fespond to these Concerns, the Office of 
Research and Development (QRD) undertook during the 
ZBB process a review of inhouse activities which could be 
classified as anticipatory or j fundamental. The review 
identified iapproximately S4.7 million and 66 positions in 
our ecological, transport, process, ^monitoring and healtH 
(including all cancer research) programs. These activities are 
included within the Ar^icipatory Research Budgetary 
Decision Unit. Specificalljj, they include our 
-7- Environmental CaKimp^en Research Program 

— Integrated Exposure Monitoring Program 

— Marine Microcosm Studies 

— Basic Environmental Process Activities 

In addition, during our ZBB activities we identified, in 
conjunction with our program office ^counterparts, a. 
number of areas which could benefit from anticipatory and 
"fundamental research. " 

A broad outline of these activities was presented to the 
Executive Committee of the Science Advisory Boarcl for- 
review and comment.^ As a result of these reviews, OR D 
proposed that, in addition to the previously mentioned 
activities, to further research in the following areas: 

— DevelopiTjelit of Bid-indicators 

— Specimen B&nk Feasibifrty Study , • 

— River Basia EccTsystem. Studies t 
—■ Acid Raih Studies ' ^ 
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SOME tHARACTERisTICS^ OF ANTICIPATORY 
RESEARCH AND DEVELOPMENT ^ 

Anticipatory R&D is distinct from research for 
regulatory purposes. -However, ;along with more, 
applied efforts, it must ultimately chi^nge the basic 
decision-making process in EPA. ■ \ 

— As an intermediate step jt- .should be- aimed at 
producing new techniques, mechanisms, assessments 

I and analysis for use by more applied R& D programs. 

- The production of data or moredetiailed data will not 
^,be a specific goal although some data will naturally 

result. • • ; 

; It may be long term in nature, but the length of 
time IS not an especially distinguishing characteristic; 
likewise the program may have global, national and ' 
local spatial proportions. 

— It is noi*limiie.d to biological, transport^ health and* 
monitoring activities, but may include technological 
and socio-econpmical siciences. 

- It is not oriented toward a single media or group of " 
^ pollutants. * . . 

Broad Approach * 

— The- program will seek broad rejjresentation from the 
^ . scientific* community in the conduct of research 

activities and wide participation in proposal review 
and program evaluation activities. 

— The program will strive to maintain a **bottoms-up" 
planning approach while providing broad guidance to 
the research comfnuriity on the research themes of 

. special interest to EPA. 
»— The decision-making process /or new proposals will 
-be straightforward, i.e., as administratively simple 
. as possible.. It may require a different , decision 
process than existing mechanism'^s. 

- QThe program will be a visible and distinct Agency 
effort. It will be widely advertised to the scientific 
community. 

- The prdgram will utilize in-hoiise scientists to link 
external research projects to/more applied in-house, 
jgrant and contract research. 

SOME PROPOSED ACTIVITIES 
Carcinogen Research 

The basic purpose of this program is to determine whether 
or not the observed level of chemical agents*, in the ambient 
atmosphere and drinking water supplies contribute to the 
prevalence and incidence of human cancer. The pr^incipal 
objectives are: to establish a monitoring progra'm to 
charactei-ize chemical carcinogens in the drinking water 
environment; to develop retrospective ,and prospective 
external exposure models 'suitable for genera) population 
studies; and to assess the impact of exposure to chemicaT ' 
carcinogens via inhalation of ambient air. and through 
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drinking water upon* cah/er occurrence anS. pre valence, in 
the general human'popi^tion * ' * 

In FY-79„ it is proposed to extend and expand the 
program b^gun in FY-78. Epidemiological studies will 
continue to use available mortality , and mo/bidity 
information as it relates to specific localities and condition^ 
and new studies ^ill initiate long-term ■ (lifetime) . 
inve.stigations to relate the total carcinogen exposure 
history, total carcinogen body burden arid the incidence of 
cancer, in human populations. Further, epidemiological 
studies will relate population heal^ effects to data gathered 
during clinical and toxicdlogical studies^ Such relationships 
will, hopefully, permit better estimates . of* the 
carcinogenicity of substahces from animal type 
toxicological studies. w v 

• ^' ■• ■ ' . ■ * 

Integrated Monitoring j^. ' 

\ One or the basic difficulties in pollution studies is th(^^ 
-estimation of e^cposure. People receive varying levels of 
exposure to many potentially carcinogenic materials at ' 
home, at work, in the marketplace, in the streets or during 
recreation'. These exposures are uncontrolled and most 
often undocumented. In the filture, epidemiology studies 
would be greatly enhanced if these estimates coul4 be 
improved. ' 

' Activities to be conducted in this area include: 

— Research to develop methods for eJ.timating lifetime 
exposure histories. 

— Studies (models) to develop methods for estimating 
total body tjurdens of pollutants and carcinogens on* 
single receptors and populations. 

— Studies to improve exposure monitoring by optimizing 
air water quality networks through use of simulation . 
models, i 

Development of Bio-indicators 

The development and application of biological systems as 
early warning indicators of pollutant stress will be; studied. 
Activities will be conducted by both the Narragansett and 
the Las Vegas |Cal)oratories-.*^ 

Narragansett activities will include: 
^ . — Development arid refinement of integrating marine 
organisms, e.g.. Mussel watch types of. systems. In 
this piroject, mussels are collected in ^nearly 100 
locations around t'he U.S. coast; These samples are 
analyzed for heavy metal transuranics, petroleum and 
chlorinated hydrocarbons. The Tirst year's collection 
effort hds been completed and the samples are being 
analyzed. It is>{ibped the use of these types of systems 
will permit early detection of pollutant problems. 
^ Development of understanding of pollutant-induced 
changes in microbial and biochemical- systems.^ 
Emphasis will be 'on investigations of enzyme systems 
.as environmental exposure monitors' and early 
indications of pollution stress, • . 
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—7 Las Ve§as Laboratory activities include: inyestigatrons 
of terrestrial microbiological indicators for monitoring 
selected substances in the environment; e.g., the use of 
. anaerobic bacteria which use hydrogen as an energy 
source . to ^determine persistence of ubiquitous 
pollutants in soil. ^ . * ^ 

Total River Ecosystem Studies 

Multimedia studies of the impacts of selected pollutants 
. on river basin(s) ecosystem will be initiated. Identified by the 
. SAB as a serious gap within^ORD's total program, these 
. studies, have asjtrrir goal the development of understanding 
i of*ecosyst€Tn structure and function when stressed by toxic 
organics and other pollutants. Impacts of industrial, 
municipal, agricultural and airborne sources will be 
evaluated. A draft study is under development. 

Marine Ecos/stems 

Studies or marine - estuarine ecosystem responses' to 
multiple stresses and complex effluents will be conducted 
mainly through the continued development, verification 
and use of marine microcosms. Etnphasis will on the 
determination of effects,, persistence, and bioaccumulation 
^ of pollutants. Ecosystem recovery rates will also be studied. 

Environmental Processes 

Studies of environmental processes wjll be directed at: 1) 
gaining the understanding of selectecl^ba,sic environmental 
processes (viz., photolysis, oxjdatio.A, jiiLcrobial degration, 
volatilization, and sorption) necessary to describe them 
mathematically; 2) development of an evaluative model for 
predicting the transport and'Tate of inorganic chemicals and 
\calibrating it for mercury and cadmium; 3) development of 
an evaluative model for predicting the transport and fate of 
organic cheniicals including pesticides; and 4) development 
of simplified microcosnris for use as rapid test methods for 
obtaining repfesentative -transport and fate data on 
potentially toxic /:ompounds of interest. 

Specimen Bank Feasibility Study ^ 

The feasibility of an environmental specimen ^ank will be 
exarqine^ on a pilot bank basis. The National Bureau of 



Standards proposes to adopt a portion their facilities to 
achieve biologicaF and environme.Ual specimens. Analysis 
will be made of the quality of preservation, cost of operatingX 
and maintaining sUchV facility and alternative approaches 
to establishing such'a' \cility. 




Acid Rain ^ > 

Acid rains have become recognizjed throughout thfe world 
assaying thepdtentlal for significantly altering both aquatic 
and terrestrial ecosystems. A number of studies h^ve 
documented the effects omlake Jyster^s, but no systematic 
assessment of the pation^l scope and potential long term 
effects has been assembler This initiative w6uld provide for 
1) the development of a broad assessment of the national 
problem; 2) studies of the chronic effects on soil 
characteristics and selected terrestrial ecosystems, 
particularly in the 'northeast quadrant of the U.S.; and 3) 
studies of the effects on Jake ecosystems. 



SUMMARY 

Whether the research necessary to accomplish the 
Agency's' goals iV undertaken in-house or extramurally is 
entir^])' dependent on the availability of the scientific 
expertise, facilities and manpower in^ the Agency 
laboratories. If the research is unde;taken outside of the 
Agency, it is normally through competitive grants and. 
^contracts. Proposals are reviewed in-house as well as by 
outside expertstor feasibility, c6st, and scientific capability 
of the researchers. f 

There is n^ official differentiation between basic and"^ 
applied research in EPA.- In fact, which research falls into 
which category is open to debate. Procedures for initiation, 
review, and termination are the same for all research. One 
proposed solution tp EPA's problem of insufficient basic 
research is to separate basic research from applied rese^irch 
in early planning stages so that it may !?e better protected. 

The Agency has increased its basic research since its 
inception in 1970. The need for basic resear«|i in EPA is 
certainly more generally recognized. Perhaps it is simply a 
question of time. 
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FUNDAMENTAL RESEARCH NEEDS IN WASTEWATER TRE/|n"MENT 
AS SEEN BY AN INDUSTRIAL USER OF TECHNOLOG 

" J.C. Hovious and R.A. Conway ^ 
Research and Development Department^ Chemicals and Plastics 
> Union Carbide Corporation, South Charleston, Wi Va. 253(|3 



INTRODUCTION 

Before describingan industrial user's view offundamental 
research needs'in wastewater treatment, it is appropriate to 

^ first define the nature of the intended use aiid the discusser's 
view offundamental research. While Union Carbide maybe 
more well krtown in environmental circles for products such 
as its pure oxygen activated sludge proccss'or solid waste 
conversion system, in this discussipnthe '^industrial user" is 
a representative of the organic chemical manufacturing 
business *'using" the technology for compliance with 
wastewater discharge regulations. The "use" of technology 
Ultimately resulting from fundamental research would be 
wierited-to treatment for the compliance with NP.DES 
perniits or pretreatment discharge permits at' thirteen 

^ organic chehiical manufacturing giants. Whilean important 
example of the chemical industrg, wi? are speaking only for 
Union Carbide. • 

Within ' Union Carf)ide and .in this discussion, 
fundamental research ii defined as ' 

— A planned search for better understanding of a 
scientific phenomenon. 

Fundamental research can lead to proce/fresearch. 

— The search for new knowledge ancjf the application of 
existing knowledge to* the dey^nition of a potential 
process for a specific purpose. 

We would differentiate between fundamental research and 
exploratory research, which we would defiAe as r 
. — The search for new knqwledge ip a selected area of a 
genei-al field with no specificVpplication in mind. : 
Both authors are familiar with wastewat.er research^ 
both by managing^or personally conducting research studies 
^sponsored by Union Carbide or governnpental agencies 
related tp prpcess development or fundamental process 
understanding for treatment of organic chemical 
manufacturing. wa"$tes. We ar^ concerned with the need for 
additional fundamental rtseaj-ch based on- the experience 
that the findings offundamental research frequently lead -tP 
.morrf fruitful process research and other applied research 



-* ■ . 

efforts. The ultimate result is the introduction of new ox 

improved treatment process technology which is more cost 
effective and less energy and resource intensive than 
Sv^vailablc options. • . \ 

. ^Vlthough it is understood that the primary purpose of this 
seminar is the discussion Pf water and wastewater treatment 
needs, it should be emphasized that it is virtually impossible 
tp prioritize research needs without understanding the goals 
of required technology, The stated objectives of current 
federal legislatiPn are to maintain the chemical, 

physical, and biologiciiJ^Vin^tegrity oL the nation's waters 
thrPugh application ^p£^^ appropriate waste treatment 
technology. In additibnj' it is a stated policy that the 
discharge pf* toxic poUutants in tPXic amounts be 
•eliminated. In our view a major area for fundamental 
research in the watjpr^waste water field is in the area of both 
' long and short term tffects pf pollutants on water uses to 
^ guide attainment of these objectives and policies. Such 
specific needs will be covered later. ' ^ 

In identifying fundamental research needs, we have cited 
major areas and phenomena which we hay? observed to be 
potential limiting factors to the effectiveness of treatment 
processes or to otherwise present gaps in needed knowledge. 
Specific areas of investigation, woUld then be based on a 
planned i^earch for better understanding of the described 
phe nomena . 

BIOLOGICAL TREATMENT 

The phenomenal listed below are considered to limit 
treatment pf marginally degradable materials in biological 
treatment systems or to otherwise prevent these systems 
from achieving . maximum potential 

— Competition (and suppression) in multi-substrate, 
mijlti-species situations;^ 
. — Populations shifts. . . applies to bacterial, bacterial- 

. protozqan, and bjacterial-algal systems. • 

—Unsteady-state nature of system due to factors such-as 
variable feeds. 
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— Relative mass transport rates of substances, oxygen, 
and metabolites. ^ r • 



PHYSICAL-CHEMICAL TREATMENT / 

Phenomena listed below limit effectiveness of separation 
or oxidation in complex mixtures. 

— Competition, displacement, mass transfer, and kinetics 
in adsorption of organics on carbon. - 

Limited , extent and rate of dilute-organic-solute 
* oxidation by physico-chemical approaches. 
(Irradiation acceleraticm appears promising.) 

— Soluble organic interferences with flocculation. 

^ — Formation of irtle.rfacial deposits- in membrane 

separation. ^ 
In additon, many physical and chemical treatments result in 
a separation-concentration of pollutants" rather than 
destruction. The ultimate disposal of these residues should 
receive consideration if the zero discharge goal of current^ 
federal legislation is to be attained. 



BIOLOGICAL SLUDGES AND OTHER RESIDUES 

Main problems aref difficulty in achieving release of water 
from sludges, putrcsci.bility of the sludge, and at times . 
content of metals, drganic? resistant to degradation, and / 
pathogens. Phenomeria involved include: 

— Tenacity of water retention by biojnass. 

— Metal retention and release. - 

— Varying biological stabilization rates leiading to odor 
generation despite pre-conditioning. 

— Leachate release, degradation and transport in land- 
fills. ^ 

The limited options for disposal of residues 6ontaiftin g salt s, 
organics, and solids from physico-chemical separation 

systems is a problenri needing exploratol^ research. 

■ , ■ ■ ■ ^ . ■ 

ANALYTICAL 

Major advances in analysis of volatile constituents 
recently have been rnaide. Although many materials vyhicli 
may result iQjlfeleterious effects in receiving waters 'have 
been identified, a considerable fraction of residue frorh 
treatment operations remains to be studied. In addition^ 
much experimental Avork remains to determine effects of 
sampling, concentration, storage, and analytical technique 
on recovery, precision, and accuracy for many materials 
currently identified. Important jjhenomena ai-e 

7— Losses and transformations during sampling, concen- 
tration, storage, and analysis of trace cohtaminants. 

— Mass transport of non-volatile organic constituents in 
analytical procedures; e.g.; during concentration and 
matrix change prior to chromatographic separation. 
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EFFECTS OF POLLUTANTS ON ^EGEIVING 
WATERS ^ \ . . ^ - . . 

In order to establish priorities for pollutant-Control 
technology research needs and capital expenditures for 
control accurate measures of the effects of those pollutants 
remaining in the post-1977 era need Co be determined. 
Phenomena of interest arci:- 

— Interaction of complex organic mixtures at very low 
levels. 

— Threshold effect level. . . * ' 

— Relationship of toxicity tests between various orders of. 
life. : . • - 

— Cellular transport/'biodegfadation/ bioaccumulation. 



SUMMARY 

From the viewpoint of this industrial -user, priorities of 
research needs would be in order as follows:* 



1. Effects' of Pollutants on Receiving Waters, Contrql ' 
needs, technology needs, and compliance strategies 
will continue to be unclear without further 
information on pollutant effects. Adequate 
information on pollutant effects cannot be p>tained; 
in an ecojiomicaUand timely, manner without new 

. information on the phenomena* described above 
' leading to 'new techniques ^0 determine pollutant 
effects. This area shoirid have a top^ priority. 

2. Analytical. In some . respects, the need for^.^ 
^fundamental analytical work goes hand-in-hand with 

\he Effects-of-Pollutants area. Many of the corhrnonly 
recognized problem pollutants are contained in the 
more readily detectable ; category of "light" 
materials. Verification of available sampling and 
analytical techniques as well a^s development of 
new techniques for analysis of "light" materials 
is required to accurately measure pollutant dose .^ 
and assess the progress of control activities. A 
second, lower priority analytical fesefarch activity. 
^ would be in method development for analysis of 
"heavy" materials. ' . 

3. Biological Treatment. Biological treatment is the most 
widely utilized process in the world for applications 
involving soluble organic . materials. As such, a 
fundamental understanding of the basic mechanisms 

• controlling performance and removal of materials in 
this process- must have a high priority. With the 
number of ^systems in existence, fundamental under- 
standing could likely be moved to development and 
iqiplementation in short order. > 
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4. . Biological SluJ^^nd Other Residues. The problem 
\ of . disposal . of ^ological, sludges has received 
considerable publicity. Fundamental work 
pa?liculary in. thej area of achieving release ofv 
water from sludges\(s desperat^y needed to provide 
basic information \or solving this important 
problenr: Major additionaJ studies in disposal of 
organic and brine /concentrates nlay become 



important as the emphasis to achieve the zero 
discharge goal of the water law becomes more clear 
Physical- Cheniical Treatrnent. Physical-chemical 
treatment would be judged to be most appropriate 
if guided by the wort on effects of pollutants in 
the aquatic 'environment in order to prioritize 
treatments with appropriate pollutants to control in 
mind. x . • ' V ^ 
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F^UNDAiyiENTAL RESEARCH NEEDS AS SEEN BY ATM 
V INDii^TRIAL USER OF RESEARCH / 

■■•b--.';. 'Sri: ■■■^ 

' ^ Dr. Isaiah. Gellitian, . Executive Vice President 

National Council of the Paper Industry „ - 
for. Air and Stream Improvement, Inc« 



INTRODUCTION 

A few introductory words arc in order to identify the 
'special perspective that the industrial user of research 
findings bririgs to ^his discussion of long range research^ 
needs in the water and wastewater treatment area. You hayc 
indicated a deep sense of disappointment at the declining 
visibility of a commitment toward, and. support for, lon^ 
range research by our national regulatory agMcy. That 
disappointment and concern are fully shaded in the 
industrial community. We function today under a- 
xegulatory framework whose deficiencies can be traced in '-^ 
part to the resultant loss bfa credible scientific basis for such 
regulatory programs. 

It. is therefore our desire that such a well-financed, fully 
visible, comprehensive, broadly planned arid well- 
coordinated long range research. program be restored to it& 
position of central importance in the natiori*s water 
pollution control effort. Whether this can, or should be done 
within EPA is a separate, yet related, question whose*^ 
further discussion no^v might detract iis from the 
conference's statedngoal. 

A recognition of the conference sponsorship and personal 
view that the correctrsolutions to our water pollution-control 
problems will materialize with the application, if you will, of 
"social engineering^ skills leads me to apprqich the 
definition of long range needs in the followingmanner, A 
systematic approach to their solution should consider three ^ 
consecutively related phases involving (a) a comprehensive 
examination^ of the state of water quality sufficient' to 
identify the problem areas meriting solution, (b) the 
development of remedial., technologies capable of < 
sufficiently minimizing adverse impacts of effluents on 
^ater quality, and (c) th^ deployment of those technologies 
in a spatial and chronological manner that accomplishes the 
desired purpose consistent with meeting other social needs 
as well, Eacli of these three phases or area^ presents jong :. 
range'rescarch ri^^ri^S\>^ briefly set but below/ . ! 



AN IDENTIFICATION OF LONG Rij^LNGE 
RESEARCH NEEDS FROIVI AN INDUSTIj;lAL 
PERSPECTIVE ^ 

There is little dolibt Jthat the comprehensive examination 
the dynamics of receivingjwater quality continues to 
suffer from the absence of a long term commitment towards 
its scientific study. With a major riation^l commitment to 
water pollution control at least twenty years old, with 
opportunities to either build deliberately onto a preexisting 
uses water quality network, or to carefully construct and 
gradually expand such a specialized network:, we still find 
ourselves discovering a "n;iercury problem*" using the limited 
findings Of a lone aquatic biologist examing fish specimens 
In Canada, or a "chlorinated hydrocar^n problem*' 
through a public interest organization's liqited analysis of 
cancer frequency statistics on the lower Mississippi River. 

Surely a water pollution control program noW^annually 
commanding multi-billion dollar capitaV and operating* 
expenditures in the public and private sectors deserves more 
than a dollar-shorty piecemeal, chronically faltering water 
quality study program as its ^|entific justification and 
progress monitoring basis. To this end I \yould propose 
pursuing the following long ran^d needs: 

(1) Organization anttv maintenance of a lorig^erm 
network of water quality ' monitoring st^jlbnTSit 
which flowing water, bottoni sediments and a 
sufficient variety of aquatic life Soxms are 
regularly monitored for. specific and class indicate^' 
chemical constituents .and, major water quality 
parameters.' . V . ' v ' 

(2) Continuing research on ' data ^integrating and 
ang^lytical techniques to ^llow: («) detection of 
downstream travel, of';* unusual NyateV, quality, 
(b) determination of significance of deviations from 
desired>ater quality, (c) automated monitoring of 
specific parameters,. , and- (^^ input to cbntrol 
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models used to modify on-land wastewater ma;iage- . 
mcnt system performance. - ' 

(3) Research oYi the processes controlling the move- 
ment of pollutants through major elements of the 
receiving water environment such as sediment, 
flowing water and living systems to strengthen 

(a) our knowledge of the removal processes for both 
; conservative aad non-conservative constituents, 

(b) our appreciation of the role ' of bio- 
concentratipn processes, and (c) our confidence in 
the predictive capability of mathematical models 
of all these processes through an improvement in 
the physical; chemical/ biological information base 

. for their use. 

(4) Determination of site-specific, ^practical tolerance 
limits for key constituents of major categories of 

. industrial' effluents that can be^used/to establish 
conditions of compatibiljty between various water 

' uses and growing industrial' activity along the 
nation's waterways. 

With ^ well-identified water . quality concerns and 
considerations as a continuing point of departure, the.; 
development of improved and new control technologies can 
move beyond a search for novelty toward improvements,^ 
and tools fitted to welWefined tasks. Long range research 
needs supportive of such progress ihclude the following: . 

(1) In-dctpth examination of major control technologies' 
to identify the impact of transient changes in process 

' loading; load composition, and process conditions' 
on operational , ^esults, so as to improve the 
performanee-predictive quality Viid process design 
This need exists ^for- both tiie biochemical and^^ 
physicochemical processes and extends to a growing 
number of design-performance parame'ters. 

(2) Development of .nteans'for minim»ii)g performance 
variability through^ (a) greatpj on-line process 
control, (b) iniproved automatic detection, 
segregation and reprocessing of interpfiittent 
manufacturing .process materials losses' resulting 

; fr6m .'either- spiil^ or transient, xyclic prodess 
'stepis. ■ ■ ■*• ; • . ^ y, ' , - 

0) Examination of new control technology approaches 
to dctc/mjne . whether they offer potential , for 
^ (a) better or more reliable removal of conventional 
. constituents^ (b) IbNyef cost performance; or 
"(c) lembval of additonal constituents whidh 
environmental study has shown to merit major 
* attentioh. & . ; 

(4) Development of optimal means fof dewatering the 
hydrous residues of wastewater management through 

, application of combinations of thermal, mechanical, 
electrical and chemical energy sources. * *; 

(5) Examination of the. opportunities for recycle of 
. treated effluent as well as in-process recycle of 



process wastes in optimal combihation.with external 
• treatment. ' , . . 

' ' • ' . r ■ ■ ■ . '* ' 

While the last of these is included in this research needs 
analysis for purposes of completeness, it is viewed as an 
investigative , area uniquely suited, for industrial 
concentration and- university participation by those with 

. close experiential ties to industry and thereby sharing a 
knowledge of problems encountered in altering industrial 

* process technolo^as. The possible needand justification for 
public financial support of large scale trials of such modified 
technologies is^ however, recognized under certain high risk, 
conditions. 

The final research area to be considered encompasses the 
various socio-economic problems related to the pace and 
extent ^f control technology application. Each of these 
present, continuing methodological problems whose 
solution commands participation and investigative, 
leadership by the environmental engineering community. 
These can be identified as follows: 
(1) Determination of economic impact on given 
industries and the national economy of broadrspale 
application of specific techno^logical control levels. 
Development of cost-benefit analyses covering 
programs for attaming- specific regional' water 
qtiality control objectives through alternative 
load allocation procedures, low flow augmentation 
programs, and funding approaches, ^ 
Exiamination of broad-scale effluent treiatment versus 
selective advaiiced ,water treatment technology as 
alternative^ for meeting water supply quality needs: 
Development' of an cfCective' program for regulating 
the discharge of a^miltiplicity of effluent chen^ical 
constituents in face- of the growing .sophistication, 
cost and sensitivity of analytical procedures for their 
detectionjin effluents and receiving .waters. 



(2) 
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SUMMARY ' ■ ' . V ^ \ :' . ^- ' / 
. In summary, a series of long range research.ifceds have 
been identified that fall into three broad catego/ies involving 
(1) environmental probTfem . identification,^!) development 
of control technOlogiei, and (3) examin^ion of the factors 
relate^ to optimal deployment of those technologies: While 
these problem areas demand participation. of investigative 
skills other than those of environmental engineers, the 
successful integration of such long range programs, as well 
as intelligent application of the research results, remain a 
primary responsibility of this community^: and should 
provide opportunities for constructive leadership at a time 
of apparent disoiiganization in the wastewater management 
field.. • • ^ 
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FUNDAMENTAL RESEARCH NEEDS AS SEEN B!Y 
THE CONSULTING ENGINEER 

Roy F.. Weston " ^ 

Roy F. Weston, Inc. 
Chester, Pennsylvania 



It is my assignment to identify and prioritize fundamental 
research needs* associated with water and wastewater 
treatment system^ ttiat are or that should.be of particurar 
concern to the consulting engineer. I am. assuming that 
fundamental research pertains to research to establish basic 
characteristics and principles^ as contrasted to applied 
research, which is concerned with the practical application 
of fundamental research, or to demonstration research; 
which is concerned with th^ practicability df the results of 
both applied and fundamental research. 

Each consulting engineer is inclined to see his role 
differently,' depending on how he perceives his role in society 
and how he implements that role. 

I will identify the roles of the^consulting^ngineeras those 
of: 1) the definer of the water or .wastewater treatment 
problem; 2) the e^aluator of alternative solutions to that 
problem; 3) th& designer of the ntbst feasible and cost- 
effective solution ^o the problem; and 4) the advisor on 
system and/ or facility operations. 

There are fundamental research needs relative to each of 
the consulting engineer's roles. ^ 

In his role as the definer of the problem, the consulting 
engineer niay have to contend^ with serious questions of a 
technological, socio-political,, and institutional nature. He 
niay Find that analytical procedures or instrumen|s required 
for accurate measurement of the concentration of ions or . 
subst^^Ces suggested or required by the controlling 
regulatory agency are not available/i^He must determine 
whether the best practical or the beSt'^^ailable wastewater 
treatment techhSlogy will, in fact, meet the environmental 
standards for natural waters ^r for gaseous emissions toj^^^ 
atmosphere or for sludge disposal onto the land. ^ ' 

He may Tind that the environmental and potential public 
health impacts associated with emission, discharge, or 
disposal of some ion;pr substance at% not, at the time of the 
study, clearly deFined. Thisjs paj^ticulariy so relative.to the 
concentration of toxic and/ or carcinogenic ions pr 
materials and to the fate of these ions oFtiiaterials in the 



environment. This lack of clear definition is also 
encountered in connection with the attenuation ancl 
transport of toxic ions and carcinogenic materials in the 
earth. V ^ 

The conscientious and responsible consultant must be 
concerned and conservative about these matters. On the 
other hand, he must recognize that life is not without risk. 
Each and every individual is exposed to many hazards every 
day of his^life. Most exposures to hazards are controlled or 
controllable and oKlow risk to life; others are insidious in 
that they slowly but\surely cause discomfort, illness, lack of 
bodily function, anac^ath;and some are acute in their effect 
on life: Since risk taking is a normal part of man's life, the 
. consultant is obliged to ^identify and evaluate the risk 
associated with alternative plans of action as a part of 
defining the problem. 

He is well,a ware that environmental control problems are 
no longer restricted to a single part of the environment; they 
pervade the entire environment. Therefore, the consultant 
must face up to the axiom: "The control of air pollution may 
create water or land pollution; the control of water pollution 
may create < land or air pollution; and the control gf land 
pollution may create air of water pollution, and so on ad 
ihjinitum" 

Scientists and engineers have not, to this date, seriously 
addressed the. full ramifications of the interrelationships 
among "^the efforts to protect the quality of the various 
elenients of our environment (i.e., the air, the water, and the 
land). This is particularly-so when energy, the mythological 
fourth element of our world, is considerefd; 

The consultant encounters socio-political and 
institutional problems of both fundamental and practical 
significance. Forinstance, there are residues from all water 
and wastewater treatment processes that must eventual! 
end up on the land. In most cases, the socio-political climate 
anc} the^i'nstitutional/ealities niake it iinpos$ible to acquire 
disposal sites for^'futllre use, and, in some cases, make it 
xtremely difficuit to acquire sites even for current needs. 
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Although this is not an example of engineering as s^ich, ijt is 
so dramatic that the engineering profession must learn how 
to educate the public so that sound projects will be 
'consistently funded and constructed on a cost-effective 
timely basis. ' 

I hus, the cpnsultiant may encounter serious obstacles 
relative^o positively defining his client's problem d,ue to a 
need^or research in qualitative and quaniiiative chemical 
ana^i^potentiatovironmental and public health i^act, 
the aechnologicH^ socio-political and ,econornic 
interrelationships among . the various environmental 
impacts, efficient energy use, risk analysis, and socio- 
. political and institutional constraints; ^ 

Fundamental research is seriously needed in each of these 
areas. ■ - . ^ 

As the consultant evaluates alternatives, he mustcojisider 
technological feasibility and financial cost. He may be 
confronted wjih the psychological problem of evaluating the 
seriousness of tJie regulatory agencies' requirements. If he 
assumes that h& must, in fact, meet their requirements 
precisely as stipulated, he is faced with the need for 
reliability of performance evaluation of each alternative. 
This may present a problem because adequate records on 
which, to base reliability of performance may not be 
available. 

In some cases, the consultant will find that there is no 
established and proven technology available for solving his , 
client's problem. To complicate the situation, when the 
problem requires an innovative solution, the consultant may 
well find that control agency rules and regulations will not 
permit other than standardized approaches. 

In other cases, consultants may find, themselves 
responsible for inadequately performing equipment or 
instrumentation because EPA decided that such equipment 
or instrumentation milst be included as equivalent to 
superior products of proven performance. 

Current trends relative' to the liability of consultants for 
facility quality and performance increase the need for more 
information relative to the fundamentals involved in the 
control of the performance o( various process units and the 
impact of variable operating conditions on such 
performance. Such fundamental information is also 
pertincntip^eliability 5f performance predictions. 

Consultants recognize that safe drinking water supply 
and fishablejflSwimmablc natural water ard important 
elements, bih not the only important elements, of a high 
li ving standard and a high quality of life. As long as there are 
ill-fed, ill-clothed, and ilKhoused people in the United 
Statps. there vyill be competition for a limited* supply of 
dollars. Therefore, safe drinking water supply arid 
fishable/ swirjimable natural w^ers must.b6 provided at the 
.T^jowest possil^le cost. X^^je?^ 

I believe that this country c^liot'continue to reduce and 
control water pollution oh an arbitrary basis without 
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consideration of cost. Fundamental research relative to 
establishing national costs for protecting the quality of our 
waters,. u^ng different control philosophies ai?d concepts, 
should be undertaken. 

I believe that it is imperative to let the public' know the 
cost of attaining and maintaining incremental differences in 
water quality. The importance of fundamental and accurate . 
models for such predictions is emphasized by the need for 
more definitive information on the impact of non-point, 
source pollution and the interrelationships between point 
source and non-poir\t source pollution on overall • 
environmental and water quality. » ' ' • 

Current federal law requires^preprogrammcd, robot-like, 
unprofessk)nal performance from the environmental 
quality control, profession. Technological rather than legal 
solutions to environmental problems are badly needed. 

To assure adequate evalution of alternatives, the* 
consultant needs fundamental research' so that he Can be 
more accura^te in predicting the reliability performance of 
the different unit processes andcbmbinations thereof under 
various operating conditions; hfeneeds economic research to 
establish the relative* cdsts to, the whole community of 
different pollution control strategies; and he needs systems 
research to develop* methodologies and models for 
determining the relationships between point and non-point 
pollution control that will achieve the most cost-effective 
environmental results.. 

In addition, research to est^iblish the technical and 
economic feasibility of ^alternative concepts for solving 
problems should be continued. Examples are dual water 
supply for reducing the costs of providing an acceptable 
drinking water supply, and special actions or facilities to 
protect endangered species l)r unusual spawning areas. 

Also, research is needed to confirm the validity of existing 
state facilities standards. The consultant must endeavor to 
design systems, and facilities that will achieve the desired' 
level and reliability of performance ait the least "life cycJe'' 
cost. The escalating costs of energy and operations and 
maintenance, wages and salaries will significantly influence 
municipal treatment plant designs. 

While fundamental research may not be involved, data on 
energy utilization and on operation and maintenance should ^ 
be collected under the auspices of EPA for various process 
.% units and ^control systems. Also, EPA should undertake 5 
i^st^di6^ to determine the economics of different types of' 
materials of construction for sewage treatment facilities. 

Studies should be made to evaluate the influence, if any, 
of the federal grant philosophy and process on the "total 
cost" of municipal water supply and wastewater^reatment. 
"Total cost" should be evaluated because it is minimum . 
"total cost" that will minimize taxes. 

As the consultant participates in^solving operations 
problems, the need forjundamental knowledge of process 

and equipment behayioral characteristics isapparient. While 

• ' . ' 
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we must recognize that a few operatprs can achieve 
operating results from **gut feel," or intuitive reaction, to 
situations that . others cannot achieve with the most 
sophisticated monitoringahdconUol facilities, we mustalso 
recognize that knowledge of fundamentals helps both the 
intuitive and the pragmatic. Thus, fundamental research 
relative to 'unit-operations behavioral characteristics is 
' essential to optimum utilization of existing equipment and 
processes. 

>RI011ITIES . 

It is difficult to establish priorities when there are ^o many 
and such diyersifiec) research needs to optimize the solutions 
to Qur«problems. 1 would establish research priorities on the . 
following basis; 



1. Identify and^characterize those drinking and natural 
vvater quality problems that may, * directly A)r 
indirectly, adversely affect the public health.- 

2. ' Identify and cliaracterize those pollution problems 

that adversely affect the balance of natu^^ ^nd 
^essential natural processes. v 



3. Identify those pollutants for which adequate control 
methods are not available, and then develop the 
needed control methodology. 

4. Further develop fundamental information essential 
to^optimizing the performance of existing invest- 
ments in >water and wastewater treatment and 
disposal systems. • 

5. Establish the technologies, the tradeoffs, and the 
means by which the technological, socio-political, 
institutional problems associated with water and 
wastewater treatment residue disposal may be 
rbsolved'. 

6. D^evelop the parameters, criteria, and methodologies 
needed:. 

a. to evaluate the costs and benefits from achieving 
alternative national water quality goals; and, 
*^ b. to establish -the most technologically and 
economically feasible strategy for achieving the^ 
selected national water quality goal. 

^Although the development of parameters, criteria, and 
methodologies appears in thi6 foregoing priority list as No. 6, 
there are many reasons why it should be No; 1. 



ERLC 



31 



FUNDaISeNTAL RESEARCH NEEDS , RESEARCH USER PERSPECTIVE 



DISCUSSION 



Marty Wanielista (Florida technological University): 

A proposal was advanced to establish an extensive walcr 
quality monitoring system in our national waters. This 
should be questioned in view of { I) the necd?for extensive ■:. 
data to separate point from non-point sources which now 
requires much field data if no models are available, And (2) 
the more cost effective applications of models based on in-* 
depth basic research studies of a minimurh of 
surface groundwaters. 

Water J. Maier (University of Minnesota):^ 

VVater utilities have provided the community with a high 
quality product at a very low cost. Unfortunatelyjtappears - 
tHai the water industry iias neglected support and 
sf|onsorship of research that can help solve the problems 
posed by the presence of the host of new chemicals in the 
water environment. There has been too much reliance on 
' EPA or other government agencies for research funding that 
properly belongs in the domain of the water utilities. In 
maAy cases, the problems are local and relate to the 
geographical-geological erivironment and should be studied 
at the local level without involving Washington/ D.C., as a 
source of financial support and, hence, control of research. 

Roy Hartenstein (SUNY-Syracuse): 

The decomposition processes that occur in sludges 
following their .discharge upon land are extensions of the 
- biological processes which were begun in. the wastewater 
treatnlent plant. Aerobically digested sludges are generally 
compatible with most biological processes thai occur in soil. 
Such sludges are usually consumed rapidly by earthworms 
and other soil invertebrates. The egested materials from 
these animals have (1) a surface area which is enormously 
greater than the sludge had prior to ingestion, and (2) a 
greater density of micro-organisms. In consequence of both 
of these changes the sludgfe decomposes and stabilizes at an 
enhanced rate; and the material can be dried more rapidly 
and transported more economically for land application 
purposes. 

Anaerobically digested, sludges, in contrast, arc acutely 
toxic to earthworms when they are injtially obtained from a 
digester. Toxicity diminishes with aging and exposure to air 
' as indexed by an Eh in excess 6f + 250 my. Anaerobic digests 
are nevertheless inferior to aerobicr^digests with regard, to 
earthworm nutrition. 

Since large metropolitan areas pr/bduce mainly anaerobic 
sludges which are increasingly be/ng disposed of by land 
appHcatiofl, it is critical to understand the potential of using 
earthworms in sludge management. In soils earthworms 
predominate over other biological agerrts with respect to 



rnixirig and aerating the soil components. In conjunction 
with other members of the soil fauna (including nematodes, 
enchytraeids, and protozoa) and microflora (bacteria and 
fungi) they may be used as important tools in environmental 
management. To maximize Ihis potential, more research is 
needed on^ the biological attributes of these organisms 
and on- the technology necessary for using earthworms in' 
large scale operations. These operations include the 
conversion of various organic wastes, such as pulp sludge, 
biodegradable solid wastes,' and sewage sludge into 
marketable products which help offset the cost|/of, waste 
treatment. 



David W, Hendricks (Colorado State Univer«ty) fof <M " 
William tacy: 

EPA has grown and expanded to the point that there are a 
multitude of disciplines employed. With this there is no . 
professional identity.^ The sanitary engineering profession 
has lost its leadership within the agency in developing the 
vision of what ought to be done in researchand in preserving 
a good ethical climate\for proposal handling. Instead, EPA 
research programs follow fads and novelties and lack 
continuity. Current practices are in sharp contrast with the 
old USPHS traditions of high ethical standards in handling 
proposals and which .supported sound wellrcoricerved 
research. A vast amount of, monies have been poured into 
EPA research activities through in-house projects and 
competitive bid contractsy: with very little output of 
worthwhile results. There really needs to be a budget real- 
**location toward support of fiitdamental research outside of 
EPA, using the unsolicited proposal rnechanism provided 

by NSF. • 

*. ^ ' • . 

Lacy*s Reply: " . 

The Environmental Protection Agency's Office of 
Research and Development has, grown a total of 10% in 
seven years, about 1 .3% per year, not much in anyone's bbok. 
It is my opinion pur scientific staff feels a high professional 
identity and would resent implications to the contrary. I 
doubt that ^janitary engineers ever had ^he leadership within 
.this or any agency or should have had that role. In a. 
National Science Foundation survey on occupation 
distribution of full time, government workers EPA was 
found to have 26.% scientists, 21% engineers and architects 
and 2% lawyers; all other agencies average 15% scientists, ^ 
10.4% engineers and architects and 3.4% lawyers. 

The degree levels for these R&D scientists and engineers 
were found to be in EPA, Ph.D. 27.6%, Masters 38.3% and 
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B.S. 32.1% apd for all otherfederal agencies Ph.D. 19.3%/ 
Masters 26.4% and B.S. 48.2%, 

The current handling of all proposals has piaced thi.^ 
activity on the highest professional jpthical plan^ and by 
competition for the limited funds virtually eliminated the 
"old boys club"r atmosphere.. 

The NSF still uses the unsolicited proposals mechanism 
and should for their type program. ' • 

a*. *Jjp planning and executing research, the dRjQ 
strategy does have a balance between research that 
responds to the minimum ^regulatory requirements;, 
viewpoint, ^nd quality research that is responsive 
to the full scope of environmental corHrpl problems.^ 
b. The longer range anticipatory and fundamental 
-i research programs are designed (i) to guide rather 
than respond to environmental control strategies 
iand (ii) to develop concepts which may provide the 
basis for, future pollution control technology and 
V regulations./ 

vc. Planning includes input from a, broad base of 
scientistsv and engineers both from inside and 
outside- the Agency " * - 

d. EPA has in-house researchers who are experienced in 
fundamental research and they help plan a balanced 
program that includes such anticipatory research.' 
• . • 

Peter O. Nelson (Oregon State University) for Mr. William 
Lacy: 

1. Are unsolicitedproposals considered seriously? 2. How 
are unsolicited proposals handled which don't directly fit 
into EPA-identified. programs? 3. If a proposaF gets poor 

' internal reviews by EPA program directors, is it sent out for 
outside review too? Comment: ,lt was unclear to me whether 
EPA will or desires to fund fundamental research from 
unsolcitied proposals that- may or may not fit into their 
identified programs. Are the so-called "centers of research" 
to be established by EPA going to handle the' only 
fundamental research effort in the future? 

liacy's Reply: 

/ 1. All unsolicited proposals that are received by^EPA's 
Office of Research aod, Development are considered 
seriously. Each is analyzed and evaluated vyith 
regard to program interest including need and 
technical merits i.e. aciequacy of design, competency 
of proposed staff, suitability of purpose, available 
resources, appropriateness of the project period, 
probability the intended results will be accomplished 
and uniqueness or originality and last but not least 
availability of funds. 

2. Unsolicited proposals which do not fit into EPA 
' identified programs or outside the. mission or 

. responsibility. t)f EPA are usually returned to the 
sender with specific suggestions on where support 



might be obtained.^' 
3, If a proposal getV poor internal review^ it is 
' returned to sender with these comments and their 
specific suggestions. ' We do not send this type 
proposal outside for additional reviews. ^ 
If has been said that the ^Agency's regulatory 
'responsibilities disrupt the atmosphere for fundamental 
environmental research and th^f the Agency has often failed' 
to»recognize imminent adverse conditions until after wide- 
spread damage has oc^Arred. To insulate these programs 
from regulatory pressui"e, it has been recommended that the 
Agency be' authorized to perfprm. anticipatpry and 
fundamental research, that EPA consider the establishment 
of "Centers of Excellence" to conduct research on specific •• 
problems, and that a "bottoms-up" planning approach be 
utilized tojq^plement thesp programs. 

As a result of these and other recommendations, specific 
language is embodied withih the recently enacted (Dec. ?7) 
Public Law 95-155, the Environmental Research, 
Development, and Demonstration Authorization Act^ of 
1978, to require Jhe long-range plan to address some of 
these concerns. This year's (FY 78) R&D program plan 
presents information specifically in response to Sections 4.' 
6, and 10 of the Act. ^ • 
'These presentations include: 

Several resource projections to assist Congress in 
evaluating the progress and le\el of effort of the 
research program (Sections 4) • 

A presentation of a continuing and long-ter: 
environmental re&earch and development progra 
(Section 6). . j - ' 

The status of tfie implementation of the recommend- 
ations prejDared for the H ouse Committee on Science 
and Technology in "The Environmental Protection 
Agency's Research Programs with Primary Emphasis, 
on the Community Health and Environmerjtal 
Surveillance System (CHESS): An Investigative 
Report" (Section |0).- 
Also in compliance with Public Law^95-155. this year's 

R&D plans been reviewed byjEPA's Science Advisory 

Board. ' 



Stanley Kienrietson (Colorado State University) for Mr« 
William Lacy: . ^ . ' ' 

1 would like Mr. Lacy to discuss Mr. Gellman's comment 
on the recycling of treated effluents. We put considerable 
emphasis oh treatment of wastewaters but not to the level of 
potable use.^ What is the future of research on water 
treatment and' more particularly, water reuse for Rotable 
use? 
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Lacy's Reply: 

^ In EPA's Industrial Pollution -Coni.rol Research and 
Development Program we emphasized closed loop water 
systems but not for potable use, I think Mr. Gellqfan was 
concerned with the industrial recycling of water and not 
potable reuse. ' " 

In 'a growing economy, th^ attainment of improved 

. ambient environmental quality by the applfcation of a fixed 
set of emission and effluent controls is^not an ultirpate 
solution. As the economy expands, the amount of pollution 
discharged will grow due lo increased utilization of existing 
production capacity and the addition of new sources. I if best 
available- technology advances toward "zero pollutant 
discharge," a containment of all regulated pollutants could 
be achieved. However, with zero pollutant dischargie, most 
of the pollutants are removed fro'm the airborne or 

^ waterborne phase as solid or liquid residuals and must be 
either recycled or^dealt with through some form of 

: comprehensive land disposal program. If these wastes are 
not prudently managed, hazardous anid toxic pollutants will 
cause secondary air and water pollution problems. 

EPA*s regulatory mandate has .resulted in. the 
promulgations of a number of standards to reducie the 
adverse health and environmental impacts of industrial 
pollution. In cooperation with other government agencies, 
research institutes and universities, the Agency is currently 
conducting studies in the following areas: 

a. Identification, characterizations and measurement 
of pollutants released intCf the environment; 

, b. Development of control te'chnologies to eliminate 
or reduce poUtitanf releases: 

c. Study of the transport and fate of p^oljutants after 
release to the environment; 

d. Effect of pollutants on human health and the 
environment; 

■ ■ ■ * » 

e. Socioeconomic effect of ne>v environmental 
regulations and policies. \ 



Joseph V. DePinto (jCIarkson College) for Mr. William 
Lacy •• ' ■ ' 

It was apparent from this morning's talk that-more long- 
term, farsighted research was needed. in the water and 
wastewater area. The EPA, however, typically funds 
research on a three-year project period basis. To me tfiis 
time period only serves to ask more questions than it 
answers. Will the anticipatory R&D program of EPA 
consider funding truly fundamentalYesearch projects, which 
have designated project periods longer than three years? For 
example, a given environmental engineering group may 



have a particular expertise or may be located in an ideal 
section of the country for making a significant contribution 
to the fundamental knowledge of a particular topic. In that 
case a six or eight year cohesive study may prove to beVnore 
efficient and 'rewarding for both the agency and the 
researchers. 

Lacy's Reply: 

EPA has a new $13 plus million anticipatory research" 
program. It is proposed to: ' .^^^ 

■ i' 

a. Identify and characterize emerging envinmimental 
problems before serious crisis; 

b. Provide stable support to investigate" long-term 
problems; 

c. Serve as a mechanism to assure that basic studies 
needed to applied research* are conducted. 

I'he'lkey features will include: 

' ■ 'J 

a. Proposal reviewed b}/ panels of EPA/ outside 
scientists 

b. Areas of interest advertised each year: 

c. Panels will provide guidance and recommendations, 
not final decisions. 

d. Laboratory scientists would monitor most projects, 
occasionally reviews of special projects may * 
be conducted by panels ^ 

e. Individual ORD sdefU^i^ 
encouraged to submffproposals and compete for. 
resources. : 

f. Internal positions would be provided from a rotating 
pool or term appointment. 

' The center support program would be -iocated primarily 
in^ universities but national laboratories and other existing 
institutions* could be used. The fiiRding provided to 
research team w04j1/1 be fropi 3-5 yearsior longer if justified. 
It is hoped that cadre of expertise forspecial analysis would 
be developed along with more efficient training of scientist 
and engineers in special research areas. v 



J)enqis Clifford (University of -Houston) for Mr.* Roy F. 
Weston: 

Mr. Weston made reference to the fact that often 
consultants are forced into accepting legal^olutions to 
technological problems and are put lipon to assess the 
commitment of the regulatory agency to the enforcement 
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of unrealistic and sometimes impossible*to-meet effluent ! 
standards. My experience causes me to agree with these 
observations. But because we are interested in specific 
research needs would Mr. Weston please give an important 
example or two citing these unrealistic standards and 
solutions. 

' Weston's Reply? 

Mr. Clifford requests specific examples of unrealistic 
standards and solutions demanded by regulatory agencies. 
While there are numerous illustrations to refer to» specifics 
may^cloud the basic is&ue; that is,- the need for research to 
establish- the^ethodology and criteria by which -we can 
practically evaluate whether or not, benefits derived from 
^any specific regulation. are commensurate with the total 
costs incurred. 

David G. Stephen (US EPA) for Messrs. Hovious, Gellman 
and Weston: 

EPA has reduced its support for fundamental research in 
the waste treatment and water transport areas over the last 
6-7 years. Have othersoiircesofsponsorship for such work 
increased their support to Till the gap' and will they do so in 
the future? 

Hovious' and Conway's R^y: 

- No appararent new sources have developed for support of 
fundamental research. Hopefully, I^SF can aid in filling this 
gap; S^ 

Wesfbh's Reply: ^ / . 

Those responsible for pollution have expended significant 
fuads for research to reduce pollution and to accomplsih 



such deductions economically. Such organizations will, 
without a doubt, continue to expend funds for such, 
purposes. Unfortunately* the law and past and present 
experiences with regulatory agencies do not provide optimal 
motivation for such research. The concepts of Best 
Practicable and Best Available Technology and the required 
use of such technology whether it is needed or notmotivates 
against spending research dollars for improving technology. 
This is so since newly developed technology may be used 
against the researcher to increase his cost. I believe research 
will be a sub-optimal level until the incentives for research 
are changed. * • . ' . 



Mf. Roy O. Ball (University of Tennessee) for Mr. Joseph 
Hovious: ^ 

Research has been completed and/ or is ynderway on 
many of the areas you describe. Is your-major concern (I ) 
insufficient research effort? (2) more fundamental effort? (3) 
coordination and documentation of research? (4) all or 
none 'of the above. As a former industrial pollution control . 
engineer, I believe that (3) may be the greatest^problem, a 
point of view supported by Dr. kohlich's historical 
remarks. 

Hovious' and Conw^ys Reply: 

Dr. Rohlich's remarks are Well taken that we should not 
proceed without a full kno^edge of past findings. However, 
we feel that much can be gained by a more fundamental 
examinaition of the areas we suggested. A multitude of 
applied studies have been addressed to problems associated 
with these phenomena, but much less work, to the basic 
phenomena themselves. 
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A CONGRESSIONAL PERSPECTIVE ON RESEARCH NEEDS 
FOR WATER AND WASTEWATER TREATMENT SYSTEMS 

Chainnan, Subcommittee on the En W>nmem and the Atmosph^ 
. of tht Committee . t)n Science and Technology 
. U-S. Congressman (Califdrnia, 36th District)' - 



I am pleased to be here today to contribute my vie^s on 
"Fundamental Research Needs for Water and Wastewater 
Treatment Systems.** As your luncheon speaker, I am 
expected todi^tract youfromyour wording sessions without 
distracting your, digestion. I hope I can do this, while still - 
contributing to our mutual consideration of the issues 
before us, ' 

As Chairman of the Subcommittee oh the Environment 
and the Atmosphere of the Committee 6n Science and ' 
Technology, I have had an opportunity to review the general 
issue of basic, or fundamental, long-range research versus 
short-term applied research in a generie^ense, I've also hada 
chance to examine this issue particularly with regards to the 
EPA*s Municipal Wastewater Research and Development 
Program. At the end of September, 1976 my subcommittee 
held hearings on this subject, at which the general state of 
EPA's Municipal Wastewater : Research Program was 
thoroughly examined. The information giathered then vvas 
much"Mhe same as today— r/ie fundamental high risk 
research on new lechnological processes was nearly non- 
existent^ and the multitude of issues identified by 
organizations such as this group, as well as EPA researchers ' 
themselves, went unfunded and largely unexamined. In fact, 
even some of the same specific and present research needs . 
and concepts were identified at the same time. 

My own recent review was pre-dated by President , 
Roosevelt who, in a March 10, 1938, speech to Congress, 
noted the need for the conservation and development of our 
water resources. Almost forty years ago he stressed the 
importance and interrelationship of water quality, water 
supply, and land management. Implicit in his address was 
the call for innovation in this* field and the cry has yet to be 
adequately answered. . ' 

A quick look at the R&D budget ^f EPA and Rs 
predecessor shows that while there has been almost a 
''quantum leap in the construction grants program--up to 
over $4 billion today, from about $200 million in 1968 and 
. I$i69, the siipporting wateV R&D program has actually 



decreased from about $25 million in 1968 and 1969 to less 
than $12 million. What is the cause for this state of affa;irs? 
Why haven^'t some of the billions of dollars going into the 
construction grants firpgram been channeled into the 
research programs you are all familiar with? Why has the 
Administration and the Congress allowed this nekr 
phascout of fundamental research to occur?,- It is not 
reassuring to^tell you that I, as one of the Members most 
concerned with the EPA budget in the Congress, do hot, 
S:now the answers to these questions, I do know that mkny 
research issues have been identified and that both the EPA 
Office of Research and Deyelopnlentand mySubconimitte^e 
on Environment and the Atmosphere sfeire the goal of 
addressing these issues >yith adequate resources.-Ialso know 
that somewhere between.the EPA's Office of Research aif^ 
the 'Congress, the "official" budget contains none of these 
research initiatives, and only the base, applied program 
continues. I also know that notwithstanding the 
recommendations of both the House Committee on Science 
and Technology and the House Committee on Public 
"Works, the House Appropriations .Committee does not 
appropriate the same level offunds which we authorize.. 
Research funds, especially for what is seen primarily as an 
operatiohal public works, jobs program in the minds of 
most Members of Congress, are considered as either totally 
unnecessary or as too low a priority to include in the final 
Presidential or Congressional budgets. It is my hope that 
this past history will not continue next year! 

As you probably all know, the House and Senate 
Conferees have agreed to the Conference Report on H.R. ' 
3199,'the 1977 amendments to the Federal Water Pollution 
.(Control Act. In theseamendments there isa basicagreethent 
onrthe number of significant policy questions which reflect, 
the Congressional judgment that adjustments to the Water 
Pollution Control Ajo( are necessary. Some of these 
amendments are intended to nnake it easier for new or 
innovative technologies to be implemented. Many of these 
revisions either iniply, or require, new research and 
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development programs; Allrof these ajhendments give the 
Administration the basis for| re-efx^mining its research and 
development budget, and supplementing it where cle^|-cut 
gaps exist In basic knowled^. < 
I would recommend to th'pse attending here today that 
you take this time of mid-term readjustment in the Federal 
Wa<er Pollution Control Program to focus on high priority 
research needs, and presenti thb^ needs to'as wide an 
audience as you can. Those oi us wno have attempted,*and 
failed, to iVnprove the EPA's resea/rch budget in the past 
need assistance in gathering supj/ort and increasing the 
awareness of t^ie Administratiorj/^d the entire Congress to 



the research ga^ 
base. 

There is one more reason wi 



al from. a broader research 

ly this is a good opportunity 
to renew efforts to. improve support for fundament^Kwater 
research. The country has again discovered a "wate^r 
shortage." Together with the renergy shortage/' and the 
general Hnancial constraints hiMing all governments, this is 
creating a climate where more energy efficient, cost-effective 
and water conserving means of cdntrollihg wastes are being 
sought. Inaddition, the President's Water Resource Policy 
Study is now well underway, and promises to make even 
further changes to our lawsAvhich apply to water pollution. 
The debate that this study, will generate will give 
Congress another opportunity to infuse the proper amount 
of funding and innovation in pujr R&D efforts. The climate 
for such a change appears right and we should be optimistic. 
Optimism must be translated into action, ho>V0yer,'and 
researchers like yourselves and groups such as thisx:an help 
Congress meet its respohsiblity. You have been articulating 
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the problems for some time; you are capable of providing 
technological answers and yAu are equally capable of 
providing sound organizational responses to our mutual 
dilemma. You must carry these messages beyond these walls 
to federal, state and • local officials, to private interest 
groups; whether-friendly or adversary. In short, you must- 
carry them to the public. 

The implementation of innovative basic research faces 
roadblocks other than funding shortages and ignorance on 
the part of officials. Research scientists, particularly. those 
engaged in basic research, will have.to be sensitive and 
responsive to economic and social considerations. While it is 
not practical for scientists to heavily engage in training in 
Sociology or economics,, the path from basic research to 
wide-scale adoption of technologies— arid even concepts— 
will be far shorter and less hazardous than it is presently^ 
proving to be when we are constantly aware that basic 
research is only one of the vital parts^to a larger effort to 
solve a social, economic and technologic problem. ^ v 
.1 believe that a^ good case can be made , for greatly 
increasing our funding of fundamiental water research and 
'^development. The related issues of land use, environmental 
quality, human health, energy conservation, and economics 
all add support to the need for a comprehensive and well- 
planned water research problem,.! certainly want to see what 
specific research n^eds this conference identifies for water 
and wastewatertreatment systems. However, this effort will 
.QT^ly he a success if we can transform our analysis into 
action, and convince^ others iess attached to the research 
program that we would alll)enefit from its results. I hope we 
can work together to this end. : 
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AN INTBODUCJIOISJ TO FUNDAMENf AL RESEARCH 
NEEDS IN WAT^R TREATMENT 

, . \ ♦ * E. Robert Baumann, 

V r ' >*'*v^^ Anson Marston Distinguished Profjessor of Engineering and . 
y Professor of Civil Engineering, Saiutfliry En U 

Engineering Research Institute-- Department of Civil Engineering ' ' 
Iowa State University, Ames, Iowa 50011 



. INTRODUCTION ^ / 

Wh&t are the fundamental research needs in watpr 
treatment? Wherever we find man, we necessarily find the 
' wastes produced by man's activities. Such wastes inevitably 
find their way into the air, the soils or the waters near^ir 
points of origin. Since nj/^tter can neither be created'' nor 
destroyed by man, man's Activities serve merely to change 
the form of matter and.the jglace and concentration in which 
it is to be found in our cr>virdnment. Every, time it rains.jthe 
wastes produced, by man are walsj^od frbhi the air and, 
depending on the rate of precipitation alid'the solubility of 
the Wastes, are cacried to and into the spil aiid underground 
water supplies or are carried by surface* runoff into our 
surface waters. It is, therefore, safe to conclude that all 
products and wastes produced by nian are present at some 
time in the^ water sources from w^ich we derive our drinking 

> watef;-7-pur public water supplies. 

: -^^i^^^^^^^ ^^^^ liquidf^r gas that is produced 
• is4i|^Iy;toj:ome into contact wit^^tv which .eventually 
..sVi^tis as. our source of drinking watcr.)Sucl^ contact will 
r'm^ari^^t^^^ the water will contain constituents which affect 
In order to assess.thcir effects on the use 
■ .'pf . t^^^^ as a source of drinking wajer,. all such 

constituents may be classed in one of four general 
classifications depending on whether their presence in water * 
.i/ould be: 

^ -^ Impermissible • 

Undesirable or objectionable 

— Permissible but not necessarily desirable 

— Desirable. . 

, The placing of a particular constituent of water into one of 
these classifications will depend on the concentration of t|ie 
cpnstituent and its probable efifects (health, esthetic, 
synergistic, economic, etc.) on the water's use: 
^ Poisons or carcinogenic materials at levels harmliil 
\o the' health of man are clearly impermissjbfe* 
"v constituents of drinking water. ': * ^ 

High oxygen and low water pH levels^ are undesirable 
or objectionable because they contribute significantly 
to corrosion of water distribution systems. 

— Calcium and .magnesiunrir^fcl]|^^ to water 
hardness, arc cation^^Which: arc in water 
but not necessarily dc^iraWsinc^^ they contribute to 
increased costs of using the water. •. 



. — Fluoride at a. Concentration IgLl mg/ris desirable in 
• ^^H^^ it contributes to rcbuction in the DM F 
;\f^E^c^fid, Missing and Filled) incidence of tooth 
d^ at ro mg/1 it must be recl^^ifieJ into 
the ' impermissible classification since . 'it then^ 
/ contributes to mottling of teeth.- - ' ' 

H-ow many other constituents in water may be desirablc^'at 
one concentration, permissible but not necessarily desirable 
at a different, concentration, , and objectionable or even 
imperniissi))le at still different concentrations? 

. FACTS TQ CONSlbER \ 

Befc^ we look at the fundamental res^rch needs in water 
treatment, consider the fact that^we are of a NATION OF 
CRISES. We react slowly to growing challenges, but when 
we become suffiently concerned, y^^o reiact. 

— We establish new goals. 

■ -^ We establish new. institutions and the authority vye need 

to reach thpse goals. . v 
r- We establish teams of jJeopJe^ecotogist, biologists, * 
chemists, attorneys, economists; engineers— needed Vo 
defihefthe prp]|jlem and to effect the solution * ' 
In the early 1.950's 'wfe determined that we needed a 100 
billion dollar, system -of interstate highways to bind our 
country together. All of you have benefited by the fruits of-' 
^^ that goal. In 1965, we determined that by 1983 we would 
'. cjin^ip^^^c pollution of our water environment. Weare on.fhc 
way, c]^en'though <Ve havf extended the date wheri we expfect 
to reach the goal of "no pollution" of our water resources. . 

On December 16, 1974;ih^ 
enacted giving the Admi]iis\rator of the Environmental 
Protection Agency the power to. control the quality of 
drinking water In public water systems through regulation 
and o^er means. The Act provided for the establishment of: 
-/j'rimary drinking water standards-' that arc^^iealth-. . 

related, and '".^ y --^^^: 

— Secondary drinking water standards that arc/^ted to*", 
esthetic qui'iities of water. Vy x - 

Primary and secondary drinking water standaijf ? have been 
established. In carrying* out. the' design, ''construction, 
operation and maintenahcc'pf the water t^ 
required to meet these standards, however, several facts 
. Aeed'^to be evaluated: • , . 
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— At present, we do not have an adequate supply of 
trained scientists ;and chgiiie&r^ ,w background in 

, design', bpe'ratibn and . maihteiiance of the new 
. .. treatmenY processes, which ;w^^^ tb meet/ 

the lieHV standards, the h^w' stapdSrds, for example, 
. will undoubtedly require ih^i citiciy suc'fcias New York. 
: . /Bridgeport, Connecticut, S.^attle,, Waihirtgtohand Los 
■ Angeles' .will for. the. 'fi^^^^^^^ 

treatment: plants if .they , are- (o fully 'meet. ^Vhe .ncw^^ 
quality standa^rds;! ' : 'v : J v ' T ^> 

— During the past several years, new \Vat(^r Qbnstitu-.^r 
, cnts-ra.sbestdsj fibers and. ,th trihalcmethancS!jr5>V 

have bcen'idiscaVered 

of new statndards requiring advanced . treatrnent 
technology ;no.t now standard in the Water su]>()ly 
industi:y! ; It is not only possible but probable 'that 
- additional water constituents .will be discovered that 
will require development of advanced* treatment 
technology to effect their control. Continuous 
^ rcsearc|i must bcconducted to evaluate sucfi potential. 

— At present, -we have • no^^^develop^d' effective,, 
econodicAr treatment technifog-j^^^ which will be 
required tb J meet our wafer quality needs based on 
today's 

— Researcljivtoday is specificalfy pointed at the solution • 
of todayj'jS; ipVioblems rathervth^ the development of 

^fundamental' knowledge in ^. a giyen area related to 
ff; *Water tr|atment neeids: ^^^^^^^^^^^^^^^^ ; • <. 

APPROACH tAoNSTITUENT' CLASSIFICATION 
AND WATER QUALITY MODIFICATION ^ 

To be able tb'cmssify the constit<tfejits in wat^ras to their 
probable water quality effects, it;i&\iesfential first that we be 
able: ' - 

— to, de.veloij alialytical proc^JjS^necgssary for the 
qualitative ' aijid ^ quarij^^^n^ IWhtificatipn of ^11 ' 
constituents pres^ni^^jj^ 

* . — to evaluate me^J^fflc the probable health 

and economic efrccts resulting from the presence of the 
measured constituents in the water. . 
J^rob'ably the njost important and most uncertSm-^ 
scientific and -^political question that needs 
clarification today is associated with risk^and Its relationship 
to hazardv assessment. Since no one"* fes yet found the 

F0unt^.mji)i Youth.v all of us here today must eventually: \ 
die. There(^e, our risk dying some day is 1 on 1 . In fact,. • 
one in four oLus will dife. bl* cancer. If you smoke, your risk ' 
increases to 1 in 3. .Most^of us arrived here today by 
automobile, yet our risk of being killed in an automobile this 
^yeac.ar^b.1 in 4,000 or l/in ^O,j^ your lifetime. Today we are 
legiislating;fwj/7i/fl/or>' air in our cars at a cost of $300- 
$400 each to reduce' t)jat|:is^ 1 in 5,000 in 1983, yci anhe^ 
we subsidW t% w^ of tobacco, the'usc of 
w^^flficf?fl5^5 the risk o|i^Bpg of cancerfrom 1 in4toi in- 
^^^r^'^^^^*^ voluntarily, what levels of 
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,risk should our water consumers ; l)e protected from 
/involuntary exposure to? The classification . of water 
constituents must be based on logical and justifiable criteria 
and levels of risk. At the present timp, there is reasonable, 
scientific disagreement as to what methods should be used in 
assessing health effects qf, water quality constituents andti;n 
, establishing reasonable levels of risk (and/ or safety factors) 
required for estSbli'shment of drinking water standards 
(1,2,3,4): . ' 'l^^-.' . . r 

Orjice the constituents present in water are propprly 
classified, then steps cain be taken to meet the requirements 
established by the water cju^'lity standards established. This 
may require: ' • /- 

— location and d^yc|opmelit pf a new spilrce bf water 
supply, or ■ v \.:\ 'V ''V v ' ' 

— elimination .>-bf the Undesiral?Je uiatpV^'^^ 

constituent at its source— either by; prohibition of 

its manufacture or by treatment pribr tb itsdiseharge 
to our water: sources, or / ' . 

— . removal of the constituent by treat merit of th^^yvater 
in a water treatment plant. . ' ^ \ ^ 

• In 1965, the U.S. embarked on a 100 billion dbllar.^)rpgram 
directed at the.elimination of the discharge of ^ pbli^^^^^ 
from the nation's water resources. In su^pprt ; b^^^^^^^ 
program, a graduate training pr^ogram was suppiprted By tfe^^^ 
V.S. Environmental Protection Agency (and its prebecess<^^ 
organizations) to increase the number orscieritis^^^^ and 
engineers trained in principles ofwater pollution control. At 
its peak of support^n l 972-73, over 2000 new masters-level 
candidates entered; the field each year. This year, with 
Phasitjig but of federal supportfl^ss tha^ 400 new fliasters- 
le.vel students erkei;ed academic training in this fifjlcl. At the 
very time that new personnel needs were increased by 
passage of the Safe Drinking Water :Act pf 1 974 ( Pubhc Law 
93-523), federal suppiprt for trajriihg of p^ iji the. 

field was curtailed ahd terminated;.^ 

Although many of the principles^involved in treatment of ' 
wastewaters are the sarhe as thos6 used in the modification* 
of the quality of drinking water, the application of the 
principles differ in water and -wastewatet; treatment systems. 
The recogtiition that wastewater treatment systems cannot '; 
be 100 percent effe^ive should signify the impprtance of 
water treatment sySiem^s in the water quality' modification 
scheirie. 

In general, the majbrproblems in water treatment involve 
the following:' . ^ 

— Evaluatioo , of the jpublic health and/ or ^esthetic aiid 
^ economic ^ignificahoe;^^ water quality con^ituents. 

— Evaluation of techni|u(e;s and procedures to be used for 
the quantitative mc^urement and identification of 
water fluality constituents that may be of health, 
esthetic,' or economic >sijgmficiahce. . ' .■ , ^ 

— Development of effective; economic methods for 
. removing or reducing the concentration or modifying 

the form of water quality constituents ot significance. 
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' The major wafteMuality problcrh^ thait-descn^^ 
fundamental research attention inc(ii.jie:- .V • ' ' ' 
* —'the identification; characterization and deyelopment 
of methods for removal of a// sUsp^ended particulates 
.from water. ; • .. ■'■-^^■■•r : ' 

— the identification, characterizati6ti'.and development ^ 
of method^ for the removal of a// soluble org^nks^^f^^ 
water. • " . - ' * 

^- the Identification and characterrzaiiori of; factors 
affecting thcL deterioration of wat^t" q'^faf^^^ 
distribution systems and the deveTbpmejit of systibniis 
, for control of the stability of water. ^ ' : . 

— the. identification, characterization, arid de^^lopmejn^. , 
of methods for control of both pathogenic antf ;iTonr 

. pathogenic (but si gnificant ?) biological growths and 
corrosion in waterdistribution systems. . . 

— the identification of circumstances under which water 
softening is justified for esthetic and/ or economic 
reasons in spite of its' potential negative public 

A, health effects. " V y. 

^ the identification, characterization and developn:\bi)t 
of methods for coiitrol of owner-induced pollutants to 
water supplies, a source of pollution specifically 
exempt from control in the Saf^-Drinking Water Act. 

Let me comrrient^rbriefly, on,several .of these areas. On 
June 27, 1977,. the^U.S. Environmental Protection Agency 
issued neW j^rinkyigc water standards which l^stablished, 
"max^piuim contaiViinant levels for Vvefal * j)arameters 
as^ocfated with drinking water supplies." The "ifhaximuni 
^.'contaminant level" means the "maximum permissible level 
-of a- .contaminant in water which is delivered to the, free 
flowing outlet of the ultimate user of a public water supply 
{System, except in the case of turbidity, where the maximum 
■permissible level is measured iat the point of ejijtry to the ■ 
distribution system. Contaminants a4ded to. the water un^tf^r 
circumstances controlled the User, ?xcept jtj^o.'se rjpsulting 
'from corrosion of piping and^luml)ing caused by vyater 
quality, are excluded from the definifion(5). 

During the period the final standards were developed, 
consideration was given to establishing a maximunf 
permissible totar bacterial count <500-1000/ml @ 20°C 
growing on plate count agar) to limit the total number of 
bacteria in finished water Although a total coiint limitation ' 
was no\ established, interest and c.oncern for high total 
plate counts has hot gone away., High plate 'counts can 
result from: ^ 

— introduction and growth of . chlorine-resistanf 
organisms in the \yater system(6). * 

— removal' of chlorine in the distribution system with 
subsequent growth of microorganisms normally 

\ controlled by chlorine residuals. 
. According to Geldreich, et al. (7): ' , ' ^ 
**With proper ^treatment and adequate chlorine residuaT, 
finished -water leaving a treatment plant should have a very 



low bacterial density'. However, as a result of inadequate 
treatment procedures or con'tamihation within the . 
; distribMtion network, the bacterial flora- of a finished water 
' may include, among others, Pseudbmonas, Flavobacterium, 
A' Chromobacter, Brpteus, Klebsiella, Bacillus, Serratia, 
Coryneb&cterium, Mycobacteriau, Spirillum, Clostridium, 
Arthrobacter, Gallionella,^nd Leptolthrix." 

• ■ ' ■ ' > » 

J The introduction of excessive numbers of bacteria in 
ater > distribution systems results in se;veral potential 
problems:' . : 

^\High plate counts can contribute to taste, odor, and 
.food spoilage problems in products produced by food; 
* / .beverage, cosmetic, and drug industries. 
— Substantial p6piSations of bacteria may include some 
genera which could constitute high health risk to 
patients in hospitals/ clinics, nurseries, and rest 
homes (S,9). As a possible risk in\sL hospital 
environment, Flavobacterium was . reported as a 
primary pathogen for some surgical patients (10). 
T-^ Non^oliforni populations in finished water have been 
implicated in suppressing coliform growth in test 
. media. The critical level for such suppression occurs 
when the general bacterial population. exceeds lOOQ 
per ml. . , 

So, how does^this Concern owqpr^iontfolled introduction df 
pollutants? Undoubtedly, the two most numerous pieces of 
equipment use^./by home owners in both public and 
- privately owned . Systems arc \^iater softeners and water 
filters, many of 'lyhich include. c^ii;b on for taste and odor 
control. As far bikck as in lS22;.-fl3ker demonstrated that 
zeolite water softeners filter tjactcria from water and that 
water with an initially low bacteria count -may increase in 
bacterial content Iipon passage thrgugh such a softienckl 1)^ 
, As a result, several studies have been conducted to 
deitermlne methods which could be used for disinfection 
^ncf/OT, sterilization of such water treatment media (12,13). 
An important observation by Klumb in 1949 was the fact 
that although eXp^erimentaKevidence indicates that the 
siliceous and resinous exchangers are incapable] in 
theniselVes, of sustahiing bacterial growth, many.bagteria 
may^row in the softener material because of the presence of ' 
filtered organic mirtteh especially ., during optimum 
temperature conditions?.; /" " . , ' * 

In 1969, Stamm, et. al.,*conducted studies of the effluqji'ts 
backflushed from 143 separate exhausted urban and rural' 
tank, resins, and x:leaned resins containing the sulfonated 
copolymer of ^tyrene .and divinylbenzehe (5DB) and 44 
differlent bacterial and fungal ^genera were identified, - 
including a pathogenic staphylpcoccal strain (14). Since 
cationic exchangers of the sulfonic^ype have been shown to 
take up ail cations, both organic and ^rijotrganic, growth of 
bacteria on the organic matter is ^to*be* expected. Stamm 
concluded that increa^cd-bactCrial retention, survival, and 
multiplication occufred-.ccmcomitantly with accumulation 
of organics and inorganic materials and the Ca'*'+ and Mg"*"*" 
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cations from tap water. ' 

In a similar manner, Wallis, et^l., in 1974 (IS) discussed 
the hazards of incorporating charcoal filters into domestic 
water systems. He reported, forexample, that the number of 
bacteria discharged from a Tareyton carbon filter ii\stalled 
on a cold water tap to simulate home use showed a growth in 
bacteria discharged frOm about 200 per 100 ml at the time 
• the unit was placed in service to over7,000,000 bacteria pec 
100 ml in only 6 days. Further studies indicated that such 
growth was not caused by the filter ingredients themselves 
but were due to the removal of organic matterby the carbon 
which served as the food source for growth. He-repeated 
Geldreich's contention that "Bacteria when present in water 
in small numbers may be innocuous to man, but when 
invested in large numbers may be capable of citising disease. 
In. the event that a munici))al water system becomes 
contaminated with pathogenic bacteria, they niight pass 
through the household water system in numbers too small to 
cause disease. However, if the bacteria were concentrated on 
a charcoal filter, they could , multiply in th^ water 
conditioners to a high'enough dose to oause illness'^ClS). 

The adsorption oC organics on all surfaces such as sand 
filter media, resins, and activated carbon has been 
recognized by many. Johnson and Baumann (16), for 
example, reviewed adsorption literature and proposed a 
new type of wastewater treatment process based on the ^ 
observed effects, olt is clear J^jr^t Jlje concentration of 
organics on surfaces can bcv|evci^rjj3^ of magnftude 
greater than the concentrations of Jhe^t'organics in water^ 
. Thus, any Iiome treatfri{^^t\.clevic0 that introduces large4 
surface areas, such aSr^t^rs;; softeners; or carbon units, will 
enhance the groWth of ^ fiircFoorganisms on the media 
. surfaces. The problem is merely mo^e acute lining carbon, 
for the siniple reason th^t the carbon also reduces the 
chlorine residual which might serve to keep bacterial growth 
under control. 

What treatment methods need to be developed to control 
the introduction of pollutants by owner-controlled treatment . 
systems? Or, do we ultimately relegate home softeners and 
filters to,oblivion because of our inability, through lackt)f 
fundamental research, to control bact^ia growths;,in such 
media? ' 7 

/ . . * ■ • ' 

APPROACH TO DEVELOPMENT OF 
FUNDAMENTAL RESEARCH PROGRAMS ^ 

The functions of a university are to conduct {iirograms of 
teaching, research, and service. ^4ie teaching program 
should 'be pff&tive '^ih training students at both the 
undergraduate an(l graduate levels in the principles and 
practices that are essential to the solution of problems in a 
given ar^ of endeavor. The research program should be 
designed tof . * . V * ' ■ 
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— develop a body of knowledge4hatr'will provide a 
fundamental basis for evaluating the scientific' and 
engineering principles thit will expand our 
understanding, of the. "truth", in specifip areas of* . 
importance to mankind. • 

. — provide opportunity for student participation in 
research, and financial support for that participation, 
so that the student can develop ability to apply the 
results of both fun^amet^^h^hji apph to 
* the solution of fiitiirefiJrotAc^s, 
The service progradrSlibUld 'be to^ convey the 

results of both fundat^ne^tal and -applied research and 
methods for their scientific and engineering application to 
industry and the people practicing therein. 

In order to enhance the development of sound, effective, 
fundamental research progranis of research required to 
solve the major drinking water supply problenis outlined 
earlier, it wpuHd be desirable to create or to support already 
existing "^^etiters of Exceltence" in each problem area. Such 
Centers ipfiEx^jjllencc should involve: . 

— the^lireation of an interdisciplinary research tqani 
of engineers and scientists with exp<E<rtise of sjgnifi 
depth arid variety in the problem area. 

— the developnrlent of laboratory space and modern ' 
equipment required to isolate, identify and charact- 
erize water quality constituents-and to permit develop- 
meiit .and evaluation of new technology for their 
control. Table I, for example^. lists the equipment now 
.being used in our sanitar^Jvcngineering studies of 
particulate identification aiid^jc^haracterization. Note, 
for example, that some equipment, such a^/pur x-ray 
diffractometer, are obsolete for the purpose we now 
need to ^use them — quantitative identification of 

• cj^stalline particulate?: 

— the development of a "primary core" of scientific 
and engineering coursed required to enable the 
scientist or engineer .to practice in general areas 
in the water works indii'stry and a **secondary core"" of 
courses requii^d to provide the additional background 
required , to^^j^fain competence in the special area of 
the "Center of Excellence." 

— the development of a continuing 5-year program of 
research with specific objectives in the problem area 
even though the objectives are not related to any 
current or expected problem. ^ 

One specific and major failure of the curret.ht'Environmental 
Protection Agency research support program is that it is too 
problem oriented without sufficient continuity to permit 
development of true Centers of Excellence in fundamental 
research areas. The availability of $5,000,000 or even 
SI 00 ,000 ,000 ^{>er year in a research area this year follow^^^ 
by nothing-next year cpntributes to t^e destruction of/rather 
than the creatio;i of fundamental reslsarch programs. Little 
fundamental research knowledge is created when an 
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academic staff muM jump . ^rom' one rese^^^ this 
year to a completely new pr6blem in an area new'to them the • 
next. A progran) of,^ long-term furidirtg; of Centers of 
Excellence is csscntiaf'if academic institutions aire going to 
be able* to assemble a qualified staff and the facilities 
required to contribute fundamental knowledge arid the 
personnel to apply it in water quality problem areas. 
Applied research is enhanced when it is based on the 
availability of a fundamental understanding of basic 
principles. Both types of research are needed, but EPA 
supports only applied research and the fundamental 
research needs have not and do not now receive adequate, 
long-term support. 
This p4nel is going to focus on several problem areas: 

— Drs. R.S. Engelbrecht and V.L. Snoeyink of the 
University of Illinois will discuss fundamental research 
needs with regard to microbial, viral, and organic 
contaminants. ^ 

— Dr. Charles R. O'Melia, a member of the Research 
Committee of the America rr AVater Works Associa- 
tiari, will discuss fundapiental research needs^with 
regard to solids-fluids separation systems. 

— Robert Peters, President of the American Water 
Works Association, will discuss attempts by that 
organization to oreate a Research Foundation that 
can provide long-term funding of research of both 

.a fundamental and an applied nature that are 
important to the water supply industry. 



. THE CRISIS IN FUNDAMENTAL RESEARCH IN 
WATER SUPPLY AREAS . 

Many of you may already have concluded that our 
university educational and research programs are currently 
operated on a sound basis. Forthe jast 15 years, we have had 
EPA support for training of professignals for work in the 
water supply and pollution control field. For years, 
however, that support has been restricted to the support of 
masters-level graduates, preferably those, on a terminal 

v v^egree program so tha,t the entrance of new jjrofessionals 
the field could be facilitated. Study programs were, 
therefore, designed to cover general principles and their 
application in the water supply and pollution control field. 
Advanced study at the doctoral level— the level at which 
most of our increase in fundamental knowledge is 
generated—was handicapped and riot facilitate'd by the 
EPA training program. Where did this- leave us in 
development of e.ducational and research prograriis? Let us 
look at -only one area— our iability to train students and 
conduct research in the isolation, identification, and 
evaluation of the significance of suspended particlfcs in 
drinking water and the development of technology for their 
separation ■ from water (Solids/ Fluids Separation 
Technology). 
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Turbidity, used as a measure of suspended solids, has 
been included as' a parameter that has had a maximum 
permissible . concentration ' established under .^current 
primary drinking water standards. Prior to^ 1962, the 
turbidity of drinking water had .to be less than 10 turbidity 
units. In 1962, the standards reduced the maximum 
permissible turbidity level to 5 turbidity units, primarily 
because that was an achieveable goal and not because of any 
fundamental research that related that turbidity level to 
desirable health results. The riow^current turbidity level of 1 
turbidity unit was established as a primary drinking water 
standard because a high water turbidity is an indication that 
a water may produce an adverse health effect (17). A low 
turbidity water, however, does not guarantee that a water is 
potable. The American Water .Works Association, for 
example, has a- drinking water quality goal of 0.1 turbidity 
unit, an order of magnitude bettVr than the current drinking 
water standard. Turbidity does not measure the type, 
number, mass, size, or other characteristics of the 
particulates present! A water with a turbidity of 1 unit may 
still contain thousands of particles per ml over 2.5 /im in , 
diameter. Even water whose ^tuVbidity is less than 0.1 
turbidity unit can still containJiundreds and even thousands 
of particles per ml, particularly if all size ranges of particles 
could be counted. Which of these particulates, if any, are 
harmful to health? Suc.h particles need to be identified, 
counted, and methods develop6ff"7or~their removal from 
water. Adin, Baumann, and Cleasby recently reported (1?) 
results that indicate a water treatment plant was unable to 
reduce water turbidity below a level of 0.3 turbidity unit.* 
Particle size analysis of the raw and filtered water indicated 
that, whereas particles large enough to be removed^by 
straining mechanisms were removed in greater percentages, 
only 74-75 percent of the smaller particles in the 2.5-4.0, 4-6, 
6-8, and 8-10 /zm size ranges were removed. They concluded 
"that not all particles found^in water will interact with the 
•same chemical treatment under the water ionic content and 
pH conditions. It is probable that some waters will contain 
colloids that will need a separate treatment from that 
accorded to the bulk of the particles present to effecTt their 
removar(18). They also suggested that the flocciilarit- 
particle interaction must take place uniformly and will 
require a ciareful desigri of the mixing scheme, but, they 
concluded, not enough infor^nation is currently available to 
effectively design such systems and more research should be 
undertaken in this area. Pofymer-particle interactions are 
the key to selecting polymers for different water utility 
interactions. However, to select the proper polymer for a * 
given application, we must know more about the 
characteristics of both the^vailable polymers (19) and of the 
particles and the filter media that they are supposed to 
interact with (7). How can wcjdo this effectively without 
adequate facilities, without scientists and engineers trained 
adequately in the principles and techriiques ased in 
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solids/ fluids/separations, and without long-term support? 

Do we now have adequate facijities, personnel, and support? 

in the No^mber/ December, 1973 issue of Filtration and 
Separation^O), a statement on "The Crisis in Solid-Fluid 
Separatio^Technology" wajf published. This statement was 
evolved ^^ro;n the number of meetings of members of 
INCOFILT (International 'Consortium of Filtration 
Research Groups) whose members found that they could 
identify experts in deep bed filtration, in precoat filtration, 
in particle technology, in cake filtration, in tliickenfng, in 
centrifugation, working with potable water, with wastewater, 
and with air. However, there were no pcopfe and no 
universitites with even a reasonable balance /of effort in 
solid-fluid separation technology. Even in universities with 
significant expertise in one area, filtration, for example, they 
found that the program lacked emphasis (and course work) 
in areas directly related to t^at process. For example, all 
solid-fluid separation processes require the separation of 
particulate matter froni suspension, hence research progress 
in any process must depend on a basic knowledge of the 
particle technology (size, shape, surface characterization, 
structure, composition) involved in the particulate mat^r 
the process is designed to removp. 

The "Crisis" statement was signed by a "number of well- 
known . people in the filtration world," , including the 
following Americans with activities in water supply and 
pollution control: E.R. Baumann, recognized for work in 
granular media and precoat filtration; Richard L Qick, 
recognized for work in activated sludge thickening; Robert 
B. Grieves, recogni^ted for work in flotation processes; 
Charles R. O'Melia, recognized for Work in granular media 
filtration; Frank M. Tiller, recognized for work in cake 
filtration; Don A Dahlstrom, recognized for practical 
application of solid-separation techniques in both industrial 
process and pollution control; Lloyd A. Sj^elni^n, 
recognized for work in granular media filtration.- The 
statement includes the following: 

""The authors of this paper view with concern the present 
state-of-the. a/t in solid-fluid separation tec*hnolQgy, 
particularly in those areas commonly referred to as cake 
filtration, granular bed and cartridge filtration, 
centrifugation, dust collection cycloning, scrubbing, ■ 
electrostatic « precipitation, thickening, flocculation, and 
delicjiioring of cakes. Solid-fluid separation operations are 
basic to\reatment of waste streams, filtration in the chemical 
and allied industri^, and mineral and solid fuel processing. 
With tightening environmental restrictions, increased 
utilization of poorer grades of raw materials, and mounting 
fuel costs, the existing dearth of teachers, researchers, and 
specialists in solid-fluid separation technology presents a 
real danger to finding adequate solutions to long neglected » 
but key areas involving particulate separations. 

It is against this background that the authors of this 
statement emphasize the importance of particle science, 
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technology, and separation- in critical problem areas faced 
throughout the world. There is a dangerous lack of 
knowledge and knowledgeable' people. Programs to solve 
existing deficits must be put in action immediately if 
foreseeable consequences are to be avoided a decade hence. 
Nothing can be done quickly. It will take time to develop 
research, plan and enlarge curricula, introduce training 
programs for engineers in industry, and in general increase 
activity in the field." 

This statement emphasizes that educational institutions 
should provide: » 

1. Basic education iii particle scielfice and surface 
chemistry • ^ 

2. Optional course sequences in solid-fiuid separation 
at the undergraduate and graduate levels 

3. Increased research activitiy . 

•4. Encouragement to faculty members to develop 
expertise in particle separation. 

■ ■ ' 

As a result of publication of the "Crisis" statement. Dr. 
Joseph A. Fitzpatrick of Northwestern University 

_ conducted a survey of U.S. arid Canadian universities to 
provide <:urrent data on education and research activities in 

^areas of solid-fiuid separation.^ His survey led him to 
conclude that "there is a serious lack of research as well as 
educational opportunities at most universities. Les^ than a 
dozen schools offer any course, graduate or undergraduate, 
with major thrust in solid-fiuid separation. If there is already^ 
a critical shortage of trained people in solid-fluid separation 
technology, the situation will not improve in tM near 
future" 

A questionnaire was sent to the university departments of 
chemical, civil, environhiental,' mining and mineral 
processing, materials and metallurgy, and petroleum 
engineering (182 schools)*'^ith a 70 percent 
return. The results indicated "that no university has an 
organized program in solid-fiuid separation technology in 
general or even filtration technology in particular.'' In 
general, universities (and individuals) are recognized for 
their research accomplishments rather than their programs. 
Fitzpatrick suggests that this is due to emphasis by 'the 
uni^versities on support of individuals rather than support of 
"a whole interdisciplinary group working toward a Jong- 
range objective," 

"Universities train or educate three categories of technical 
people, the scientist, the engineering scientist, and the 
engineer. The hierarchy of their function is: the scientist 
discovers new knowledge, the engineering scientist applies 
this to provide design criteria, and the engineer uses these 
design criteria to accomplish an economical design. In solid- 
fluid separation technology, our ignorance is manifest in 
particularly the first two categories, basic science and 
engineering science. Thus, university education for filtration 
and separation should provide training for each category. 
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but a redoubling of effort irt the categories of basic and 
engineering sciences. for it is in these areas that we look'for 
new separation processes and major improvements of old 
ones.** ' 

This is the university situation in areas of •solid/ flMids 



separation technology. This is the university situation in all 
of the other areas of research needed in water supply which 
are going to be discussed today. The seriousness of these 
problems demand that we find a better way. 



2. 



5. 



References' ' 

I. Stokingcr. H.F. Toxicology of drinking water contaminants. 
Journal. Am. Water Works Assoc.. 69: 7, 399-402, July 1977. 
Saffioti. V. Scientific basis for environmental carcinogenesis 
and cancer prevention. Jouraial. Toxicology and Environmenul 
Health. 1435-1447. 1977. 

3. -,Tardiff. R;G. Risk and hazard assessment of ingested 

.chloroform, Proceeding of the 96th Am. Water Works Assoc 
Confercnc. Volume 2, Paper 5-2. 1976. 

4. Weil. C.S. Statistics vs. safely factors and scientific judgment 
in evaluation of safety for man... Toxicology and Pharmacoloev 

^ J/. 454-463.1972; . 

40 Code of Federal Regulations, parts 141 and 142. (40 CFR 
*part 41 was . promulgated December 24, 1975, in 40 Federal 
Register 59565 and amended on July 9, 1976 in 41 Register 
28401. 40 CFR part 142 was promulgated January .20 1976 
in 4%Federal Register 2911). 

Charlton. D.G. Chlorine tolerant bacteria in water supplies 
Journal. Am.- AVater Works Assoc. 25: 85U54, 1933. 
Geldriich. E.E.. H.D. Nash. D.S. Reasoner. and R.H. Taylor./ 
The necessity of tontrolling bacterial populations in 
potable waters: Community Water Supply. Journal, Am Water 
Works Assoc.. 64: 9, 596*602; September, 1972. 
Hunter. CA, and P.R. Ensign. An epidemic of diarrhea in a new- 
bom nursery caused by P-aeurginosa. Am. Journ. Pub Health 
J7: 1,66. 1947.. 

Culp. R.L, Disease, due to "non-pathogenic** bacteria. Journal 
Am. Water Works Assoc. 6/: 3, 157, March 1969; 
Herman. L.Sr and C.K. Hummelsback. Detection an\J control 
of hospital sources of Flavobactcn'a. Hospiuis, d9: 72, 1965. 



7. 



it). 



11. Baker, Gerald C. Removal of bacteria by zeolitic water 
softeners. Journal, AWWA, 9: 474, May 1922. 

12. Cruickshank, G.A. and D.G. Braithwaite. Sterilization of cation- 
exchange resins. IndTEng. Chem., 4i: 472, 1949. 

13. KJumb, Georgc-H.^H.C) Marks and Carl Wilson. Control of 
bacterial reproduction in cation-exchange layers. Journal 
AWWA, 41: 10, p. 933^47, October 1949.. 

14. Stamm, J.M., W.E. Engelhard, - and J.E. Parsons 
Microbiological study of water-softener resin. Applied 
Microbiology, 18: 376-386, 1969. • 

15. Wallis, C, C.H. Stagg, and J.L. Melnick. The hazards of . 
incorporating charcoal filters into domestic ' water systems 
Water Research. 8: 111-113, August, 1974. 

16. Johnson, R.L. and E.R. Baumann. Advanced organics removal 
by pulsed ad^rption beds. Journal WPCF 43'f( 
1640-1657, August 1971. ' ^r,. 

17. Drinking Water and Health - Recommendations of the 
National Academy of Sciences. Federal Register 42' 132 
35764-35779, July 11,1977. 

18. Adin, Avner, E.R. Baumann, and J.L. Cleasby. Application of 
filtration theory to pilot plant design. Proceedings. 97th 
Annual Conference, American Water Works Association Mav 
8-13. 1977. • ^ 

19. . Welday, James M. 'Polymer characterization based on zeta 

potential and filtration resistance. M.S. Thesis, Iowa State 
University, Ames, Iowa, 1977. 

20. Alt, Christian et al. the crisis in solid-fluid separation technology. . 
Filtration & Separation, November/ December, 1973. 



rf 



ERIC . 



48 



45 



FUNbAMENTAL RESEARCH NEEDS 



TABLE I 



WATER TREATMENT 



MAJOR EQUIPMENT USED IN PARTICULATE IDENTIFICATION AND 
CHARACTERIZATION AT IOWA STATE UNIVERSITY 



Equipment 



Date 
Purchased 



Cost,$ 



Description 



Functions 



Proposed 



Utilization 



Transmission 1961 
Electron X 
Microscope ' 
(TEM) 



Scanning 197J 
Electron 
Microscope 
(SEMK 



Thermal 
Analyzer 



X-r^y 
Diffrac- ; 
tomeler 



1972 



51,700 SIEMENS ELMISKOPL 
Magnification 200X to 
- 200,000X with 10 A point 
to point resolution. 
This instrument is 
equipped with an image 
intensifier and an X-ray 
microailalyzer. 

67,000 JEOt VJSM-U3. Mag-; 

n i f i pa t i.o^n s • tp "' 

■ ipQ,000?f witH:^^ 

5 . rfcsfalution. Thisjnistruraetit 
, • ^ eqjmppcd^ 

Iriternatioiial ..energy.; 
dispersive X-tay analyzer. 



26,000 RIGAKU. Differential 
thermal analysis, thermo- 
gravimetric analysis and 
' derivative, thermpgravi- 
metric analysis in the 
temperature rangef of -80 

A> to 1000° with; a l micro- 

' volt and 1* micr(igram 
sensitivity under con- 
trolled atmosphere in- 
cluding highi Vacuuifi;" 



1956 16,000 GEXRD-5, X-ray diffrac- 
tion and fluorescent - 
analysis. This instru- * 
^ ^ ment is equipped with a 

crystal mbnochrpmator, 
V a high temperature furf* 
t nace, a controlled pres- 

sure compression sample 
holder, a single crystal 
orienter, ^Debye-Schcrr 
and Land cameras for * 
forward ^and back re- 
flections. 



Investigations of micro Characterization of 
and submicro particle micro and submicro 
size, distribution and particles. , 
shape^s; identification of 
crystalline constituents 
and iheir crystal struc- 
ture. ^'i-' . • ■ 



'Investigations of parti- 
cles size,- shape, and in- 
teractions; micro and 
ifiacr^^.i^tructuyes; grain 
boundary' reactions; qual- 
itative and quantitative 
elenient analyses; element 
distribuiions. 

Idehtification of con- 
stituents of materials. 
Investigation of inter- 
actions between solids and 



Characterizafion pf 
particulate materials 
and their surface 
interactions. 



gases or vapors. Investi; 
gation of phase equilib 

ia, ' 



Identification of con- 
stituents of particulate 
matenals. and their in- 
teractions with environ- 
ment including adsorp- 
tipn ol* organic ions. 



Identification of crys- 
talline, constituents of 
OYatcrials, their crys- 
tal structures, crystal- 
lite sizes^ and elemen- 
tal constituents. In- 
vestigation of the 
effects of temperature, 
pressure, and gases and 
vapors On crystallog- 
raphy and striicture^ of 
materials. 



Identification of cyrs- 
talline \ constituents of 
particulate materials. 
Investigation of the 
effects of various en- 
vironments on behavior 
or particulate mate- 
ials through structural 
and crystalldgraphic 
changes including ion 
cTtchange and adsorp- 
tion of organic species. 
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Equipment 



Date 

Purchased Cost^ 



Description 



Functions 



.Proposed 
Utilization^' 



Coulter 
iCounter 



1972' . 16,000 COULTER COUNTER .Investigations 
• ; » MODEL TA-II Counting particle size 

capacity of - 0.5 m m tion. 
' ' . ^ to over 800 /z m. This in- 
strument' is equipped with ; 
' . • triple Volume manomete r, 

different aper'ature tubes, ' 
- and aperature observation , " 

microscope. Results are ^ ; 
« automatically displayed 

. ^ and printed out by a 16- 

channel analyzer. 



of fine Characterization of fine 
distribu-, particle^' distcibution 
and the effect, of various 
environments on particle 
growth and size distri- 
bution. 



HIAC 

Particle 

Counter 



1977 



14,200 HIAC Courifcr Model 320 
Counting capacity of 
1.0 m-60 m iising light 
blockage technicjues. Re- 
sults displayed in 12 
separate channels. 



Zeta 
Reader 



1975 



Colloids 
Disperser 



1977 



Particle size distribu- 
tion of suspended solids 
in watery . , 



10,000 400 Lazer Zee Meter. Investigation of parti- 
^ cle surface charges. 



Infrared 

Spectrdpho^ 

tometer 



1966 



EKLC 



1.050 SD45N SUPER DISPAX 
witfi G454 generator 
* , (Tekln^^ Co.). 10,000 
rpm mi)OT with a suction 
head exerting high hydro-, 
dynamic shear forces. 
Applicable for different 
suspensions and organic 
solvents. 

15,000 Beckmah IR-4 equippc^l 
with a double bea^m Inter- 
nal Reflection under con- 
trolled, temperature and 
atmosphere including 
vacuum. Transmission and 
Internal Reflection 
Spectroscopy of bulk and 
interfacial materials. 



50 



Investigations involving 
colloidal suspensions 
oiF clays* and other 
particles. ' 



0 



Identification and quan- 
titative analysis of 
structural units. In- 
vestigation of thin 
films and adsorbed spe* 
cies. Investigation of 
the spectra of powders 
in microgram quantities. 
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Characterization 
materials. 



of 



Characterization of par- 
ticle surface charges 
and the effect of various 
environments including 
adsorption of organic 
ions on surface charge. 

Provides fine particle 
distributions in a 
reproductible manner. 



Determination of the 
constitutional and struc- 
tural properties of sus- 
pended 'particulate ma- 
terials in microgram 
quantities. Investiga- 
tion of adsorption of 
organic ions by particu- 
late systems and other 
interfacial reactions. 
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Date 

Equipment Purchased Cost^S 



Description 



Functions 



Proposed 
Utilization 



Mercury 
Porosinjetcr 



1974 



10,300 



, Adsorp{ion 1965-1968 
j: Isotherm 



approx. 
25,000 



, Constant Speed 1973 
: Constant Torque - 
Control 



1,000 



MICROMERITICS 915. 
This instrument has a pres- 
sure range of 0 to 
15,000 psi corresponding 
.to pore size range of 20 
to 80,000 A? 

Consists of two gravimetric 
and one volumetric 
apparatuses. The two 
gravimetric apparatuses 
were built at the ISU 
Engineering Research 
Institute Soils and 
Materials Laboratory^, 
using Calin Electro- ' 
balances and MKS elect- 
ronic manometers. 
Sensitivity: 1 microgram 
and O.dOl millimeters of 
mercury. The volumetric 
apparatus consists of a 
MICROMERITICS 
ORR Analyzer. 



Analysis of pore size, 
pbre distribution, and 
pore structure. 



Detetrninatipn of adsorp- 
tive - pi'cjpertii^s, speci- 
fic surface and pore size 
distribution of porous 
and fine particulate 
rnaterials. 



Investigation of inter- 
nal and external 'pore 
structure pf particulate 
materials. 



Investigation of surface 
chemical properties of 
particulate sys^tems. 



Cole-Palmer, 0-300, O^^^^. Gm^^ eiifergy ■ itipiit^c^ 
'rpm speed contrql, 0-1-^0 coagplation-flocci4.1a^^ion 
mv.. D.C, torque ca;itrol. ,,stud\^^^^^^^' y ^1^^^. • 

Electxocraf t' Corp* " 
Motomatic Motor 
generator. 



*^.0^gu 
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FUNDAMENTAL RESEARCH NEEDS IN WATER TREATMENT 
; MICROBIAL, viral' ANp ORGANIC CONTAMINANTS 



/ 



^ R-S, Engelbrecht and V.L, Snoeyink 
Universif^ of Illinois at Urbana-Champaign 
Urbana, Illinois 



INTRODUCTION / ^ ; 

There are many aspects of wa^er treatment which require 
additional rescarclt One of thelnote important problems is 
the health effect associated With the continuous intake by 
the public of low levels of contaminants over long periods of 
time. In many instances the analytical techniques to 
qualitatively and quantitatively characterize chemical 
contaminants of this nature, as well as biological agents, 
which might be present are either deficient or lacking. 
Concomitant with the health effect and characterization 
studies, research on water treatment processes, both^ 
Established and new, is needed todetermine how they can be " 
o^perated to give maximum removal of specific 
contaminants at the lowest costs. Proces^ monitoring 
techniques which can be used to insure; that only water of 
acceptable quality is ftstributed to thccpnsumer should also 
be developed. Tnis paper fopusesi; on' research needs 
primarily related to biological-and disso^'cd organic 
chemical contaminants. No attempt has been made to 
provide a. comprehensive, coverage of this topic. Rather, 
selected needs have been presented in an atten^t to show 
thai there are several areas of additional research required in 
water supply. 

In order to consider the quality pf public water supplied, it 
is first necessary to identify the problem. To do thi^, it is 
important to determine if specific impurities are present 
and, in many instances, their concentratipns; the chemical, 
physical and biologi^l characteristics bf these impurities; 
and tWc effect of these impurities on human health. With this 
informatiM available, safe levels of impurities in. water for 
protection of public health can be determined. Also, this 
information can be Used to select: or develop processes 
required for their removal, or inactiv^tion in the case of 
microorganisms. 

HEALTH EFFECTS RESEARCH NEEDS 
Incidence of Disease 

Although the incidenct of enteric disease in the United 



States has been reduced over the years, there were 28 
reported waterjborne disease outbreaks in 1974 with 8,413 
^ cases. In 1975^t|fii-f were 24 outbreaks and 10,879 cases. 
These outbr^jj^rJ^id the resulting cases were caused 
primarily by hMoorganisms, e.g., 81 percent of those 
reported in .1974. Overall, the category designated '•acute 
gastrointestinal illness" accounts for the largest number of 
cases. Unfortunately, no specific etiological agents have yet 
been identified for these gastrointestinal outbreaks and 
studies to. determine them should be intensified 3k should 
studies on the control of waterbome epidiemics 

. ■ A ■ ■ '•• 

Virus Problems i 

The presence of viruses in water is an aspea of 
microbiplfigical quality tharhas received considerable,.but 
not nearly enough, attention in recent years. At theVrcsent 
tilne it is difficult, if not impossible, to establish rigid 
standards regarding the allowable level of viruses in public 
water-supplies. For example, according to the Worid HeaJth 
Organization (WHO), "If not even one plaque-forming unit 
(PFU) of virus can b^ found in 1 litre of water it can 
reasonably be assumed that the water is safe to dri'nk. It 
would, however, be nece?sar>^^o examine a sample on the 
order of 10 litres to obtain a proper estimation of the PFU's 
I at this level." The "European Standards for Drinking- 
Watcr," publiAed.by Wftt), indicates that there should be 
no viruses in drinking -Water when 10 liters of water are 
examined. On the^.; other 'hand, it would appear that the 
"Canacidian Drinking Waterr Standards" does not permit any 
viruses in drinking watp^i, T^^^ of the quantity of water 
analyzed ;.The5ignificariCc:of these standards depends on the 
niethod employed in concentrating and assaying the viruses 
presenj, and as yet' no concensus j\as 'been developed 
regarding this measurement of watp/ cjuaHtj. 

It has been obsciycd.fhat there are Viruses ivith no known 
associated diseasjc. On* ;the other ,h^(l,,^s,uchlVirus .?^^ 
possibly interfere;wit|r.^cn^ tranter >nd;th'us ha vcj^ ' 
term health implicatibhs. ThaX sufih '.wrili^cs -^i^^ 'be 
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transmitted through the water route is not known. It is 
signiHcant to note that many believe that an individual need 
only ingest one detectable virus unit to developan infection. 
However, even this concept needs to be further investigated. 

Although many viral diseases have been accused of being 
ti;ansmissible by water, only infectious hepatitis is known to 
bfi significant in this respect. However, it has been suggested' 
that waterbome transmission of enteric viruses at low levels 
could occur without the presence of a type of disease 
outbreak recognizable hy current epidefniological methods. 
This then is an area of considerable importance and in need 
of further research. 

Organic Chemical Problems 

The presence of certain organic chemicals in public water 
sifpplies has. been implicated as having mutagenic or 
carcinogenic activity. However, the full impact of specific 
organic compounds in this respect is unknown. Cause and 
effect studies of this nature are required. The health effect of ' 
mixtures of organic compounds must be similarly ' 
investigated. There also is need for improved procedures for; 
determining the health effect of chemicals. For example, the 
applicabifity of the Ames test for mutagenicity should be 
studied more intensively. 

Inorganic Chemical Problems 

The toxicological significance of many inorganic" 
elements and compounds found in water is unknown. For 
example, the precise cause|and effect relationship of sodium 
and cadmium,: as well as water hardness, to cardiac 
problems still remains unanswered. The significance of these 
and other elements to cardiovascular diseases and 
hypertension needs to be determined. The ingestion of water 
as it might relate to mineral accumulation in the body, 
leading possibly to the formation oj gall and kidney stones,' 
deserves fiirtiicr study. , » 

Suspended *Solids Pro'blems 

There are also questions regarding the presence and 
significance of suspended materials in water. This 
particulate mattej may be eitheninorganic or organic in 
nature and consists of particles ranj^ing in size from colloidal 
to more than 100 micrometers. Although there may be other 
substances and microorganisms attached to them, these 
particles, such, as with asbestos fibers, may* have health 
implications in themselv^. On the other hand, their 
significance may be indirect ia that they affect the quality of 
the water by acting as a means whereby other contaminants 
are concentrated and, perhaps, transported to another site 
only to be released unaffected; e.g., microorganisms. 

A hiigh concentration of particulate matter, giving a 
measurabJe high turbijdity, is an indication that a water may 
produce an adverse health effect. However, there *is little 
'reason to believe that a low turbidity measurement 
guarantees a^tisfactory quality water. Measurement and 



related health effects of particulate matter in water supplies 
deserves further attention. Additional studies should be 
undertaken, regarding the interaction between viruses and 
suspended solids or particulate matter in water, including 
the protection from disinfectants offered by the particulate 
matter. ^ 

Approach to Research on the Health Effects of Chemicals 

The two general ways to assess the health hazard\ 
associated with ingesting chemical pollutants that might be 
in a public water supply are epidemiological investigations 
and laboratory studies of toxicity. Both approaches are 
aimed at providing information on the health hazard as it 
relates to man. Most of the current knowledge of toxicity 
of various constituents is based on observation of their effect 
upon man and animals using doses and/ or dose rates that are 
much larger than those that correspond to the usual 
concentration of harmful, materials in drinking water. As a 
result, there is gredt uncertainty in estimating the magnitude 
of the risk to health that ingestion of "specific contaminants 
in water may produce. An additional problem is presented 
by the potential combined .effect of two or mor^' 
contamihanls. Obviously, this is an area in need of 
considerably more research. Water quality standards and 
criteria can be established reliably only if the threshold level 
of the health effects of various contaminants that may be in 
water supplies is known. For example, considering only the 
inorganic constituents, additional toxicological 
information is needed with respect to barium, beryllium, 
cadmium, and other elements.- The health effect of trace 
amounts of various organic compounds must also receive 
further attention. Thus,, the health effects of various 
inorganic constitutents as well as organic compounds iteed 
to be identified as they affect the establishment of water 
quality standards and the design of treatment facilities. In 
considering health effects, it is important to note that there 
are beneficial effects of many inorganic constituents that 
might be found in water, such as fiuorine, iodine,- cobalt, 
chromium, arsenic, manganese, vanadium and zinc. 
\ ■ ' . . •' ' ■ 

SOURCE QUALITY 

There are many'iareas associated with the quality of tsl^ 
water sources wjiich require study but only a feware selected 
for discussion here. Other areas such as* Surface and 
grountlwater basin management to control quality are also* 
injportant. 

Plankton Bloom Control 

Plankton blooms in reservoirs can lead to troublesome 
taste and odor problems which require expensive treatment 
methods for control. In recent years, aeration for reservoir 
destratification and mixing has be^n used to control theagi 
blooms. Although this procedure* has been successfuM^ 
certain instances, additional information is needed so aPfe' 
ascertain the reasons for successes and failiires at' various 
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geographical locations throughout thc.country. The reasons 
for reduction in the plankton population during reservoir 
mKxing and a shift in organism predominahce toward the 
less troublesome green algae needs* to be explained: Jhe 
older and perhaps the most common method of controlling 
plankton blooms in reservoirs is through the application of 
copper sulfate. There is need jfor more information 
regarding the effective copper concentration required for 
algacidal. action against specific microorganisms vvithouF^ 
destructive impact on the. surrounding biota. Additional 
metabolic studies of the copper reactions .with algae arealso 
indicated. This and related information would assist in 
determining the proper timing and placement of copper 
sulfate in reservoirs. 

Groundwater Quality 

The potential for pollution of groundwater, because of 
increased -recharging operations, irrigation with reclaimed 
^ater and the increased use of agricultural chemicals/ 
should be evaluated further. Specifically/the effectiveness of 
soil percolation as it affects the removal of viruses; metals 
and organic compounds in water should be studies. These 
investigations should give consideration to various soil 
types and their combination as well as to climatological 
conditions, rat^- of application, etc. Long-term studies tp 
determine the possijble buildup of pollutants in soils are also 
indicated. An inconsistent relationship between total 
coliforms, fecal coliforms.and standard plate count bacteria 
has frequently been reported in groundwaters. This Would 
indicate that perhaps a different or, at least, a more . 
significant means of determining the bacterial quality of ' 
groundwater is required. 

Water Reuse ' ^ ^ _ ' 

Indirect reuse is being practiced in all 50 states and in 
other countries. Further, direct water reuse may be 
necessary in the near future, e.g., the ^ear 2000. Broadly, 
speaking, there is need to determine the health effects of and 
the quality criteria for reclaimed* water. To obtain the 
information necessary, it will be necessary to perform more 
detailed and, perhaps, more sophisticated toxicolpgic^l 
studies than have been reported in the past. If a reclaimed 
water has been found to be toxicologically safe for public 
consumption, the level of the physical, chemical and' 
bacteriological constituents of the acceptable >vater should 
be determined so as to establish the required quality criteria 
for the direct reuse of water. In this respect, there is need to 
identify a reliable protocol for evaluating'the acjieptability 
of a reclaimed water for direct reuse. n 

ANALYSIS OF BACTERIAL AND V^RAL 
CONTAMINANTS . 
, Deficiencies of Existing Tests / 

The precise importance of viruses in water is now known. 



primarily bi*catise there is no simple, routine procedure for 
the recovery, detection, and enumeration of viruses in water. 
Clearly, there is a need for developing a simplified procedure 
for determining the presence and density of viru^l-in 
drinking water. Such a procedure is needed for selected 
■ mpnitorin^'dff water supplies. 

The current microbiological tests to determine the 
presence of fecal contamination of a drinking water require 
ii^si minimum of 18 hours. Thus, a positive test indicate? that 
water which was treated ifS or more hours previously 
contained bacterial contamination; with this time lag, the 
water probably would haveialready entered the distribution 
^steni Thus, there remains a need to develop a rapid, 
sensiti^ indicator test to determine tiic presence of 
pathogenic or infective agents in drinking water. Such attest 
may be microbiological in nature or it may turn out to be a 
chemical, such as coprostanol which is a chemical 
cohtaminant which is produced only in the intestinal tract of 
warm-blooded animals. With respect to the present coliform 
test, there is need for additional studies (sm the influence of 
turbidity as an interference in t|icjr^5fyumeration. 

Based upon available epidemiological data, it would 
appear that the present coliform standard is adequate to 
protect public health when water is obtained from a 
protected source and is appropriately treated and 
distributed in a contamination-free system. However, this 
may not be the case for water reclaimed directly from 
wastewater. Additional microbiological standards are 
needed in this situation. This maWnvolve the determination 
of viruses or some other more sensitive indicator bacteria. 

V Use of the standard plate c/Ount for determining the 

V acceptability of a reclaimed water shoifld also be considered. 
This, will require that there be a correlation between the 
standard plate cpvuit and the health hazard associated with . 

. drinking water. 

Virus Identification Needs/ 
" There is epidemiological evidence to indicate that 
infectious hepatitis is transmissible through drinking water. 
Unfortunately, the etiological agent, presumably a virus, for 
* ^infectious hepatitis (hepatitis A) has not been cultured in the 
../laboratory. Therefore, the current \iral detection methods 
do not determine the viru^ of infectious hepatitis.TThere is 
need to develop 'a system for detecting, recovering and 
isolating this particular virus in .order to evaluate its 
persistence, particulariy in the c^sc of epidemiological 
studies,, and its removal byrwate'r treatment processes. The 
same typlfi^of information is needed far the ilWefihed 
gastrointestinal disturbances Nvhich are believed caused by a; - 
viral agent(s)." , / - 

There is need for standardization of virus detection 
methods, with special attention being given to the critical 
need to quantitate the recovery of small numbers of viruses • 
from large volumes of water and the detection of viruses 
under adverse environmental condition^. Further^ 
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information is required on the virus removal capability of 
various urtit .operations and processes employed in the 
treatment of public vwater supplies. Emphasis should be 
place on naturally occurring viruses^ :and / SUd) studies 
should exjJ^ij^d, to both pilot plant a'iid field investigations. 

Considerable progress has b^eit made in recent years in' 
the detection and enumeration of enteric viruses in water. 
Most acceptable: methods today involve clarification to 
remove interfering substal[lces (e.g., particulate matter), 
adsorption, elution, and finally reconcentrati9n! Each water 
system can present difitetcnt pfbblems in the monitoring for 
viruses; it would appear that no single method, has yet been 
found that is applicable in all cases. Proceciiffe's utilizing the 
. ^.bve ^n^icated *steps have been fouhcii^c^ be generally 
kci^B^table in determining the presence of the more usual 
ehte'ri(J^Virtses, such as polio, echo anc|Hcpxsackie. Factors 
that cMiplicate virus concentr^trbn, • ■ and espeCrially 
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reconcentration, can be identified as ;,breakthrough, _,^^ 
formation, or co-concentra^n of cytotoxic agents. ^^c'h 
virus recdvery method should be assessed in light of each of 
these jfactors, as -well as the spectrum of viruses recovered. 
Research and. developmental studies should be continued ^ 
with the object of developing a method with universal or, at 
least, broad utility for detection of enteric viruses in water 
supplies. Detection of viruses is complicated beyond that 
associated with the . concentration, adsorption and 
recon9entratioB^teps in that no single cell system has been 
found suitable for the detection of all of the knQwn enteric 
viruses. ^ 

Virus enumeration has progressed to the point that an 
extremely small number of viruses in large volumes of water 
can be determined under ideal conditions, i.e., 1 virus or 
infective partical per 100 gallons. Through more extensive 
studies, using virus monitoring and concurrent 
epidemiological data, it should be7K)ssible to determine the 
practical significance of this level of detection and its 
adequacy for the protection of public health. Tt may be that 
such studies will show that more sensitive methods of 
detecting viruses are required if waterborne outbreaks of * 
viral diseases are to be eliminated completely. 

Relatioli to Particulates 

Studies are needed to supjjort current evidence tliat' 
particulates may be significant ^in 'the concentration aiid\; 
transport of pollutants, incli^mg microorganisms. Further 
studies are needed to correlate raw and^reated -water 
' supplies with respect to turbidity and microbial association. 
Interference of particulates with the in^ctivation of viruses, 
pathogenic bacteria and indicator bacteria with respect to 
disinfectants such as chlorine/chlorine dioxide arid ozone, 
'is not fully known. . 

CHARACTERIZATION AND IDENTIFieATION OF 
ORGANIC COMPOUNDS * ' ^^^^ 

There is a definite need'to improve the dSBMaise for the 



kinds of brganic compounds which exist in water supplies. 
This information is needed as a basis for research on the 
removal qf potentially harmful compouncls. Additional 
information, is 'rieeSed to both identify and quantify the 
organic . comlpounds which are present. Current analyticar 
•proCfeillires are much better for the low niol.ecular',\yc;ight 
volatile compounds than for the non^.y6latilc,gefteratly^^^^ 
molecular weight compounds/Special allention should be 
given to the latter and to compounds which ptoduce a 
specific effect such as odor. The development of simple, 
reliable trfsts for- gross contamination, or groups of 
. contamiriahts such as organic chlorine, is jespeci^lly 
important,' particularly if these parameters can be icdirelateid 
to health eftec.ts^ The test for total organic chldririe i^ 
potentially very useful in this regard. There is still need; 
however, to develop impVcfi/ed but simple analytical 
procedures for specific types of organic compounds, e g':, 
nitrosoamirie, nitriles, organophosphates, etc. 
- There is a great need to establish parameters which can be 
used by operating persotuiel to efficiently operate their 
plants' for removal of organic compounds. The group 
parameters such as total organic chlorine, total organic 
sulphur, etc., appear potentially useful in this respect. 
Detailed measurement^^ of many individual compounds 
which might be present do not appear possible for the 
purpose of plant control.'A rccejvt;^urvey has shown almost 
a coniplete absence of monitd^iffgrprocedures for organic 
compounds in use by the water treatment profession. 

Taste and odor problems occur predictably and 
unpredictably, seasonally and sporadically, in a wide variety 
\ of forms that constantly challenge th'eln^enuity of the water 
treatment plant operator. Nearly every water supply system 
is plagued with such problems. ;^he. present method for 
determining taste and odor in water i^ subjective in nature 
and, ■ therefore, variable in its reliability. Additional 
information is needed oh the causes and treatment of taste 
and odor substances. Specifically, there is need for the 
identification atid quantification, and^, thevi/eatment of 
individual taste ajod odor causing bodies^yAvailability of 
such information' will permit operating peifSbnhel of water 
treatment plants to attack the problem in a logical, scientific 
manner rather than by trial and error. 
. There is much that must be learned concerning the effects 
•^i,bf the organic compouridS which may be present in water. 
Also, little is known about the ability of organic compounds 
found in water to chelate heavy metals, and.the ability of the 
natural organic compounds such as humic substances to 
associate with pesticides and other potentially harmful 
coAipounds. There is also much that must be learned rekitiye- 
to the chemistry of Vsuch compof^d^cispeciajiy '.^^^ 
reactions with water treatment chertl^t^i^fa^ 
ozone and chlorine dioxide: Alsonhd'ii^loiprni fbrmati^ 
reactio^h and other reaction^ between dUxjfih^'aiid ^que^qus 
^rganic compbuncjs must be..fnpre clbsajj^>Laniiiied. 
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CONTROL OF t:QJVTAMrNANTSr 

Removal and/ of fnactivatibn of Virti^^ Bacteria V 

The success in reducing tW incidcri^^ 
epidemics of a bacterial nalurdcan beattributed directly to* 
, the treatment of water, particularly the use ofxhlori.ne as a 
disinfecting agent. On the other hand, existing data indic^fc ' 
that there are enteric viruses which are mo re. resistant to 
chlorine than cither bacterial pathogens or the commonly 
used bacteriarindicators. Further, different enteric viruses 
vary in their response to chlorine. These , observation^; 
should be investigated. Moreoyer, it is not known wheyther 
viruses can, through one mea^ns qr another, be altered with 
respect to their resistence;l^ chloqne or other disinfectants. 
; There is also the question whclfier a .labol-atoiy^^^^p^ 
• :yi*"S responds in the sameway aja fresh viraii isplate: 
> ys^'esp^t. fo^thc d isinfection question,' pos&itjLe >ubsti.tu^ for. 
;•; ,chlor:ine: shoul^^ te considered, e;g., ozone, Uljtt^yibleVlight^ 
^xHlorm&^ipxid'e, bromine and iodine. Further, the precise 
^ effect of turbijiity on the inactivatioh of viruses by all 
possible disinfectants is not knoAvn. ' > j 

The most important waterborne parasitic diseases in the 
U.S. are caused by amoeba and giardia. Both of these 
parasites appear to 'Be more resistant to chlorine than 
bacteHa, Fortunately tHc cysts of both can be removed by 
proper coagulation-flocculation and filtration. With respect 
to these two parasites, a method ;^br determining the 
viability of cysts of giardia is nee^^^^ dose-response 
relationship for both amocj)^ ^pnd'^^raia is needed with 
respect, not onfy to chlorine but to other potential 
disinfectants such as indicated gibove. However, in the case 
of ^giardia, a more reliable ihethod of cultivation and ^ 
enumeration is required fTt||. 

Removal of Organic Compounds 

There is much to be learned concerning process control 
for the removal of different kinds of organic contaminants. 
Except for processes to remove organic compounds which 
cause color iand odor, water treiatment plahjtsr In the U.S. 
have not been designed or operated to remove organic 
contaminants. In this regard, ozonation, adsorption on 
carbon and synthetic resins, and other procedures 
specifically designed for the removal of organic compounds 
should b^ examined in detail with respect to many variables' . 
Each process needs to be charactcrizj^d as to what it can do. 
soasto know what kinds of compounds must be eliminated 
from the raw water supply. Fail-safe monitoring systems • 
need to be developed which will enable operating personnel 
to divert water containing organic compounds which are • 
extremely harmful;' and 'which* cannot be removed by the 
available treatment processes. 

The interrelationships of treatment processes need to be" 
closely examined; for example, predisinfection with 
chlorine and other 'STsinfecting - agents is xommifrily ^ 
practiced to prevent biological growths withjih the treatment 
plant ahjd to improve terminal disinfection. However, the 



.^disinfecting agents can also react with act^ carbon or 
copipounds adsorbed oh activated cabomwhen carbon is 

- employed for organic riiatter.* Are harmful 
compounds "prbdDCed and is there a way. to prevent 

. undesirable effects if harmful effects are noted? This is a 
subject area which requires detailed investigation. Much 

- mord attention must also be given to minimizing the cost of 
.; treatment. For example,: the prganic compounds vyhich 

'^oise Haloform fonnation in sani? 
a properly operated coagulatipriTTiocculatibn process, and it 
may hbt'^e neces. to install new adsorption or other 
prqccssi5s**to 'iemove such compounds. Operating *: the 
coagulatiph pi:ocess in a way such that the remilval. of 
organic compounds is oi);timized may well result iri a lower 
overall cost oif treatment, considering reduced freqWhcy of 
, . c^rj^dn regeneration or replacement if activated xarfaph is 
' apfjlied after clarification/* Ariotfjcrcj^ample is the U^^^^^ 
; ; ear following ozonation/' T>lii^^ra:is^s/a^^'j^^ <if: 
- qMi^stions concernipg the microbjololgi^^^ On ... 

: .the>ctivated<:aTbon as welj as;the optimufnde$ign of each . 
procefs. Ozonation increases' tl^ ' biodegradability , of. . 
organic compounds and, thus, extfensiyc biological gro 
may result in the carbon bed;. ^This ^feroi^^^ 
regeneration frequency required for th^.;.carbon but m^ 
result ia a high bacterial population in the efficient:^ A wellr 
designed process possibly should encouraige .Bjojogic^^^^^^^ 
growth but be controlled so as to prevent any adverse^effccts . 
of the growth. Small scale test procedures also need to b^' ^ 
develop^^'Sucti.^^^^^^^^ for organic compound >' 

remaval -processes cain be reliably obtained 

The yse of chlorine* to disinfect waters up plies causes t^ste 
and odt>r^at,frmes. It has also been reported that chlorine 
reacts witii certain organic compounds to produce 
_carcinogens..Thus, there is a necd to identify and determine 
the" effectiVc;ness of possible alternative methods to 
chlorination;^ for disinfecting drinking * water. The 
replacement of chlorine by some other effective disinfectant 
should be considered! Further, it may b^ . possible to yse 
spme other chemical, such ^s ozone, chlorine dioxid^ 
hydrogen peroxide, or potassium permanganate, in ^ 
conjunction with chlorine so as to reduce the amount of 
chlorine necessary and thus eliminate any taste and odor 
problem or the formation of any carcinogens. . • > 

DISTRIBUTION OF T^^EJATED WATER 

There is gqod evidence thiat watefqualitycandctetiorate 
to a. significant degree in water .distribution systp^ 
.Corrosion prpbleitis generally create nuisance conditions 
and*, require more frequent replacement of the distribution ' V 
mains which is cjp.stiy. Metal ions of various types may be ' 
Inched frbmtjthe piping. . Bialogical :;|^\yths may also 
develop .in distribution ;systems' thus sl^rejitmg odorous^ 
con^ppunds, and increa^ijig the rate of -corrosion in some ■ 
Jhs,t^hce§. T^c corrosic^^ .problem/; /acciimu^^ of 
• P^.rticujatc matter and ^biological growth development in ^ 
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particular need to be better understood so that improved 
cbntrol measures can be identified. and used. 

; ;■• '; ■ ■ ■' ■;?;. ' ■ ■. 

■;"]SU1V4MARV • .■ * 
' With respect to the questions associated with undesirable 
cpnstitutents in public 'water supplies, the following 

. 'summarize the need for additional research: , v , 

n \.What substance's jnay.'be founds in public water 
•:-^u^ could a^iversely affect 

* - human health?^ ' * - . 

2. Based upon the effect of these substances, what 
. > ar^ the maximum threshold levels necessiary to 

protect hupian health? ■ "^^ i ■ ; 

3. Are present anjalytical procedures sufficiently reUabl^^^ 
and sensitive to ijrovide thie . re^ oi- ' 

. measurement of these substances?; ; 
.4. - .To rpUlinely determine the level of these substances ; 
' V what an^lyticar procedures sliotfld be 



" . . used fon mpriitoring? ■ 
4\. What treatment technology is required to reduce the . 
concentration of these undesirable substances to an 
acceptable level? . . ^ « 
6. Considering that sspme undesirable substances. may 
be formed during treatment, or even during 
. dfstributipn of a piiblic water supprly, wkat steps 
should «be taken . to eliminate 6r minimize this 
potential problem?^^ - . ■ ^ 

Although it would s^em that the most orderly approach to 
"the abpye disdyssed^ 5^e56arch« would be to determine the 
health effects of contaminants and then to investigate the 
pi'6cedure$ by whjch the contarninaigts can beleliminated or 
reduced . in concentration, health effect^ idata are difficult 
and time consuming to obtain: Jh ;.view of this, a niore 
rational approach would $eem to m ond in Which studies on 
w^ys tp remqve;.suspect€?d contaminants ^re performed 
si multarieously with Studies t^ determine their actual: health 
effects: ' ' - ^ ^ ! 
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There is today a critical nded for long-tehn,f^^ 
.^research and coordinated T>Ianning for the management of 
> iiot only our nation's but the entire worid's water resources' 
; Our nation, particularly, iaccs interrelated problems of 
"water quality, en vironmei^tal considerations, water supply, 
land-use, and energy conse'fvation wttich require integrated 
planning, and ipanagement. There is a need for increased 
govcrnni^ntal and non-governmental cooperation in the 
planning and implementing of. water managettjent 
programs. In^ many communities, water conservatio^n^k' ^ 
sound way tb avert critical water shortages— is now being 
made mandatory due to- this year*s . severe drought 
* conditions. Conservation of our water resources must 
necessarily become a joint venture of all governments- 
local, state, ada;Cederal— that plan and regulate water use. 
■ The public, tooj must be educated on the long-term social, 
..economic, and environmental rahiifications of continued 
water abuse. ♦ . . ^ 

^ Some of the questions asked are: What arc our natioji's, 
ahti the world's, most critical water problems? Do vve 
.presently have. the to.ols ai5& tec||^logy to property assess 
our water problems? $«ven departments, with eighteen . 
^encies, and seven independfent'iagencie^ of the United 
States Government hj^ve Water programs, funded through 
seventy appropriation accounts. In 1972, federal , 
investments for water programs (not research) totalled 5:2 
billion dollars, and iii 1976, 10.2 billion dollars were spent 
for water quality improvements alprm.. Was this; money 
^spcnt .wisely? Dollars not properly directed are not the* 
answer.. W^ need to tap the abilities of our intellectuals to ' 
provide our water resource managers the soutid data upon s 
which to bas^ wise, farsighted decisions. * * 

The world is not running butof water;£ather, the problem 
is tht wise management of same. Wkter managers cannot / 
make really wise decisions without assistance from scientists 
involved in'funda mental research on water problctns. Water 
is a renewable resource; thus the solutions to many of our 
problems should be relatively simple to. find— when given ^ 



adequate attention and funding. ' 

Water resource management is a common denominator 
in which all nations are involved. Nofhing, including 
mankind, can survive, or be produced, without water. Water 
knows vlX> boundaries. When it reaches a state line, or 
international boundary linCj it continues to flow; therefore, 
water problems are iritematiofial in scope. 

The world's people ^migrated to and established great 
cities largely because of the liearby availability of a water 
supply: Many nations today have tremendous monetary: 
resources biit^arc lacking in wat^r resources. Water is a 
product ^;econd only to air when mjn's fundamental needs 
for jsurvival arc considered. TheSe requirements for survival 
are: air, water and food, in that order. I believe that water is 
a common problem affecting man's survival throughput the 
worid, and it^s tligrefore imperative that a safe and adequate 
water supply ljelJ)rovided to all people. No one people, or 
nation, can exist and thrive without a safe and adequate 
Water supply; Today, approximately 75 .percent of the 
world's population does not have safe drinking water, andi 
-25,000 people per day arc dying from diseases related to 
nheir watcf supply, or lack of same! Ouf worid has existed 
for millions of y^ars, but-throughout its.history great wars; 
have been fought for the/^ause of religiort or water. 

Because water resource managers must have scientific 
input to help-: resolve their diverse; problems, I. believe the 
>Vorid's water problems must receive careful evaluation by 
the "think tank" of the hations^the intellectuals—and 
.therefore have proposied the establishment of a Worid 
Water Foundation, similar in concept to the Rockefeller or 
Ford Foundations, whose endeavors in research would 
encompass'the complete hydrologic cycle, My idea is to. 
establish the foundation similariy in structure to that of the 
r Nationail tjcographic Society, utilizing the guidance of some 
fifteen to twenty of the most renowned exj^rts in the worid- 
who have established themselves in the field of water and ^ 
have the qualifications that entitle them to recognition a^t: 
world leaders. Monies that the fpunda\ion received WoiBi|i/ 
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be placed ihva^ trust, and the rhonies genetated therefrom ^ 
would bc^ised to fund water research^rojects thrt)ughjout 
the world, on a partial^, complete, o^*rriatching fund basis, 
and encompass the complete hydrblogical cycle from 
source, to consumer, 4o waste, and back to source. To my 
knowledge, no foundation e^cists which specializes irf the 
field of water. 

The foundation's source of funds would be from industry, 
y^yanous governments oT. the world, philanthropists, and 
'private individuals. The research projects funded by the 
foundation would^inaddition to basic anflapplied research, 
include research into new product lines that would a^^t in 
the improvement .of water supply, such as new pumping 
method^, or t reatgfient processes, brme^ns of locating water 
leaks. The foundation would be international- in scope, 
allowing all nations of the wbrld to participate in . seeking 
solutions to the various problems inherent in providing 
better water for all people. In that water is Qf vital 
importance to all nations, it is possible that a foundation 
dedicated to unified action to. solve water problems can 
contribute to wo rid, peace.; , -fii: 

5/Our world might be compared to a spaceship, a home 
equipped with essentials for suryival for a given period of 
time. Ileplbriishment of essentials would be of prime 
consideration in flights of long duration*. The comfort, even 
survival, of spaceship jEartl\'s inhabitants' might very well 
depend upon their facing the reality of theirneed to conserve ' 
. and manage their precious resg^jiirce, water. - 

As a goal for the inital funding of the foundation,i would 
envision $1 :00 per person from sources in the United States 
(about 250 million^ dollars) and three to fiVe billion dpllars 
frjp'm sources throughout the world. It is obvious that^trust 
fuiid of this size , would generate treni'cndous funds that 
90uld.be used for vital water rcsearch throughout the^world. 
'^"Jjf^'would not require funding on a yeajly basis but would be 
self-perpetuating. . ^ . 

The idea was presented Ijy me to the Board of Directors of 
the American Water Wo'rks Association in January ,"1977, 
and it was greeted with enthusiasm. The senior science 
editor for ABC News thought* that, the project had 
tremendous potential and said that he >vould be honored to 
be a member of the foundation's board of directors. At the 
State Departnient, I talked with Mrs. Patsy Mink, Assistant 
Secretary of State, and also Mr. Roy Morey, who also felt 
that the project had great potential, They suggeste^several 
ways of furthering the project and offered to assist ih 
whatever way they xould., They, agreed to collect data on 
world water pfojects and. also to provide 4 list of those 
nations of.the world'that might contribute. 
. I presented the idea to Dr. Andy Breidenbachv formerly of 
EPA, who indicated that the foundation, would be a great 
' way to reSdlvc woifd water problems, and promised to 
investigate the possibility of getting EPA to provide monies 
for its establishment. I also discussed the plan briefly with 
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the board of^^^Jjjirectors - of the^ Water and "^astewatcf 
* EquiJ)ment Mariufacuters Association, wJ[io told nie t\icy 
. were 'interested and wjould assist Whpn provided further 
data. The president, gresident-elect, and ^member of tile 
, exku^ive coq|piittee of the Water Pollutipn Control , 
Federation aj-e interested and have allowed me time'^o 
pfesent.the idea to thqir executive board. 1 amajvaiting their 
decision. Aftep presenting this proposal in Czmada recently, 
I have been requested to present the concept to tbeColincil 
of Ministers at' their meeting in (ittowa next January. ' 
Renowned leaders in the field of water, such as Dr. Abel^ 
Wolifiafi, Dr. Mark Hollis,and Mr. Frank' Butrico, *s well* 
»as* officers of The World Sank, have . given me 
encouragement and support. I 'have ^talked with several 
congressmen and senators,, who recognized that the 
foundation has tremendous potential and indicated their 
willingness to assist wherever possible. Just prior tO; cny 
attending the AWWA Conference in Anaheiiti, I received a . 
letter frpm Congressman G. Williani Whitehurst reiterating 
his sufiport and willingness. to assist in meeting with people 
or establishing meetings for furthering the project. 

The American Water Wofsks Association, National Water 
Well Association, Water , and Wastewater Equipment 
Manufa,^pturers Association and Water Pollution Control 
Federatiion are some of the major associations ihvolviid in 
the field 0/ water, and therefore they are being asked to 
provide the seed monies for establishing the foundation, 
whicli is certain to have a great impact on th.e water industry 
and also a great reward for the associations. I requested 
$50,000 from the Board of Directors of AWWA toward the 
fpiindations' establishment and am happy to report that the 
Bbard provided -thiynoney, contingent upon the provision 
of matching funds in the amount of $100,000 from other 
sources. I will approach -the Water and Wastewaljpr 
Equipment Manufacturers Association's Board and tne 
Water Pollution Control Federation's Board for their 
assistance. The legal work in establishing the foundation 
/ Will not only require considerable time but also the 
I contacting of many people. An Advisory Council will be 
chosen to select potentiaj candidates for the foundation's 
boafd'of directors and recommend guidelines foPrthe actual 
establishment of the foundation. Upon incorporation, the 

* foundation will proceed to solicit large donations. 
In my travels I have.had.the opportunity to.^scuss the 

' foundation with th? heads of university engineering 

♦ departments throughout bur country. They have been most 
receptive and fefel tbat the establishment of ^ch^ a : 
foundation would allow the waterindustry to So somethmg 
for itself rather than its being dependent on our government 
for almost all research funding. As we see more and more 
government involvement, such an independent fpu'ndation^ 
becomes more and more important. In addition, the, 
importance of water and the. pfoblems that we know exist 
require ^hat water research be expedited. We don't have to 
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look into the future to find major problems. We know 
population centers will grow, that agriculture and industry' 
will demand more water, and we, as the experts in the field, 
must, find the answers. 

In reading a recent article by one outstanding member of 
the research field\vhose subject was food, ! was amazed to^ 
find that in his listing of the things necessary to provide food 
for the world, water was qot even mentioned! Water is taken 
Jor^ granted and is little understood; yet it is our most 
common and necessary resource. However, we are finding 



that it is being headlined more and more often as problems 
arise. If the United States can embark on a project to place a 
man on the moon and retiirn him safely to earth, and place a 
vehicle on Mars for taking soil samples* analyzing them, and 
.transmitting the data to earth, we certainly can solve the 
•^'problems of water for our people and survival. We presently 
have the technology and the expertise to accomplish this '' 
goal. But I believe we must also have an independent 
.foundation established to fully utilize the vast talent and,, 
technology that presently exist. 
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FUNDAMENTAL RESEARCH NEEDS IN WATER TREATMENT: 
PARTICLES AND POLLUTION 



' Charles O'Melia 
University of Nbrth Carolina 
Chapel Hill^ North Carolina 



INTRODUCTION 

Research in environmental engineering lbs been beset 
and perhaps seriously impaired by the opinio|i shared for at 
least a decade by many scientists and engii)eers that we have 
sufficient knowledge and technology available to solve our 
environmental problems. In my. judgment, (1) we do not ' 
even recognize many present and future problems, (2) we 
would not know how to solve many of these problem^ if we 
were able to recognize them, and ('3j we have hardly begun to 

■try- ; ■■ '\ ■. ' ^ / .. . , 

Solutions require research, both^l'undamental and 
applied. This essa'^is directed towards one aspect of this 
broad and general ne^d for research in environmental 
engineering, i.e., particles in water Supplies. Thissqlection'is 
made to be illustrative and indicative; it is not 
comprehensive. 

Conventional water treatment plants use coagulation, 
settling, and filtration processes; they are designed to 
remove particles from water. Since these have beeti in use for 
water treatment for up* to a few thousand years, it is 
tempting to assume that we use them' efficiently and 
effectively now<^Such is not the case. We do not measure 
important physical, chemical, and biological properties of 
particles in water.. We do not know the identity of the 
chemical species most dbmmonly added to water to remove 
particles. We do no^-know well the reactions these chemicals 
undergo, and we certainly do not know, the kinetics of the 
reactions of coagulants with substances in^ water. Our 
theories of flocculation and settling are inadequate. 
Filtration theories focus on clean filters and are invalid as 
soon as a run begins. We cannot , measure important 
characteii'Slks of the product water. In fact, we may not 
even know what all of these important parameters may be. 
Hence, we have problems in even describing the 
e^'ectiveness of a treatment plant. 

PARTICLES IN WATER SUPPLIES 
. The' majdrity of the substances in watjer that'may be 



hazardous to human health are either solid particles (Cfg., 
asbestos fibers, viruses) or iare associated with such particles 
(e.g., pesticides and toxic metals adsorbed on clays). These 
solid particles vary in size from about 0.005 to 100 ^im, a 
range of over four orders of m'agnitudi! Their chemical and 
biological properties also vary extensively. They, may be 
organic or inorganic; they can occur naturally or be 
produced by man; they can be present in a raw water supply 
or added during treatment; they can be living or detrital. 

Particles in water arc measured at present by the mass of 
the larger sizes (suspended solids) or Sy their optical 
properties (turbidity). Unfortunately, their removal in water 
treatment plants and«their possible effects on humaa health 
are only marginally related to these pr^operties. Probably the 
mo$t important characteristic of solid particles that affects 
their removal is size distribution. Particle size determine^ 
' the transport of particles in solid-liquid separation 
processes such as flotation, gravitational sedimentation, 
packed bed and cake filtration, and centrifugation. Surface 
area (and hence particle size) influences chemical reactions 
of particles including interactions with coagulants and 
adsorption of contaminants. For particles larger than 1 or 2 
Mm, there has been very recent work determining their size in 
water using Coulter, HI AC, and Zeiss Videomat counters. 
Smaller particles still escape measurement. The chemical 
composition of solids and the distribution of chemical 
composition with particle size ar^ not known. Similar, 
inadequacies exist when the; biological composition of solids 
is considered. ' '^z ■ , 

' Ultimately, these problems in measurement must be 
solved. It is difficult to develop useful theories for solid- 
liquid separation processes in water treatment without 
knowing the size and composition of the solids to be 
removed; Similar problems also affect the design of w^ter 
treatment plants in practice. 

PARTICLES IN FLOCCULATION 

Particle size distribution has pronounced effects on the 
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kinetics of nocculation. Collisions between suspended 
particles are esscritial for coagulation. They occur in water 
by three distinct processes, viz., Brownian diffusion, fluid 
shear, and differential settling. The equations of 
nocculation for heterogeneous particles arc cumbersome; 
for didactic purposes the collisions between particles of two • 
different sizes are considered here. The analysis is.patierned 
after Friedlander(l). 

The rate at which particles of sizes dj and d2 come into 
contact by the^j^h transport mechanism is given by 



Nj(di, d2) = kj(d|, d:). n(di) . (d2) 



[1] 



Here Nj(di, d2) is the collision rate in collisions per unit 
\olume per unit time, kj(6\\ 62) is the "bimolccular" rate 
constant for the j^" mechanism with dimensions of volume 
per time, and n^di ) and n(d2) are the number concentrations 
of particles of sizes di and di, respectively, with dimensions 
of volume ' . The rate constants are given as follpws: 



Brownian Diffusion kg = 



2 kT(d| -f d2r'' 



Laminar Shear 



^SH 



3pd.| d2 



(d,+d2r 



[2a] 



6 



■G [2b] 



Differential Settling k^ 



7rg(S>l 
72 V 



(d,+d2)\d,-d2) [2c]. 



Here k is BoltzmannV constant, T: is the temperature 
(°K), V is the kinematic viscosity, p is the absolute viscosity, 
G is the velocity gradient (time-i). Sis the specific gravity of 
the solids^ assumed to be the same for all particles, and g is 
the gravity acceleration. 

These rate constants arc ^compared for two cases of 
interest in water treatment in Figures T and 2. Conditions 
representative of a settling tank in winter=ahd^also for a lake 
hypolimnion in summer arc presented in Figure 1. 
Calculations have been made for the collisjpns of particles 
having size d2 ranging from 0.01 to lOOpm^with partidejs 
having sized) equal toTpm. Values ofT = 5ic,S= 1.02,anite; 
G ^ 0.1 s"' have been assumed. A minimum. CQllision rate 
•occurs between particles having identical sizesv m this case 
for d| = d2 = 1 p m. Stated another way,^heterogcneous 
suspensions can flocculate faster than honl&eneous ones. 
The extent of this effect depends on the size msiribution of 
the particles, which is not^^hown. Brownian diffjiision is the 
fastest transport mechanism here for^particles sirnaller than 
Ipm. It can be shown that the ratdat which .small particles 
can= collide with each other (e.g., collisions between viruses 
of size about 0.02 u m) is significantly lower than the rate at 
which they can collide with larger particlc.s'^by diffusion. 



Collisions by fluid shear do not become predominant for 
any size in this case. Differential settling becomes, 
predominant for large particles. For example, particles of' 
size equal to 1 p m will collide with 10 p m particles . 
predominantly by this mechanism. It is plausible, then, that 
significaik coagulation can occur in-unstirYed systems such" 
as settlir^ tanks if the suspension is heterogeneous in size*- 
and if tW^ particles are destabilized sufficiently to permit 
aggregation when' contacts occur. 

Collision rate coefficients for flocculation tanks in 
summerare presented in Figure2. Calculations are made for 
. the collisions of particles of size d 2 from O.OI to 100 p ni .; 
with particles having a size d i equal to. 10pm. Values of T = 
20''C, S = 1.02, and G = 10 s ha^ been assiimed. A 
minimum in contact efficiency again exists. In this case it is 
quite broad. Brownian diffusion is significant only for 
particles smaller than 0.01 pm. Collisions by fluid shear 
predominate over a wide range of particle sizes, i.e., 
0.01 pm<d 2<100 pm. This indicates that, flocculation 
tanks can be effective in aggregating very small particles by 
fluid shear if the suspension is heterogeneous and contains 
larger particles. This enhancement of flocqulation rates by 
heterogeneity has not been recognized sufficiently. Previous 
work has emphasized that homogeneous suspensions, of 
submicron particles cannot be flocculated 1^ fluid shear. In 
water treatment, suspension of small particles can be made 
more heterogeneous by adding clays or alum fliocs. 

This simplified analysis of a two particle system should be 
expanded to consider complete particle size distribution as 
found in water supplies. The changes in particle 
size accomplished by flocculation and the. removal 
of pollutants associated with these particles can then be 
considered both conceptually and experimentally. 



COAGULANTS AND COAGULATION 

Alunjinum and iron(III) salts are chemicals commonly 
added to water supplies in order to destabilize solid particles 
and thus promote coagulation and filtration. These 
chemicals can destabilize suspended particles by formings 
polymeric hydroxomctal complexes that are adsorbed on w 
solid surfaces, and also* by forming metal hydroxide . 
precipitates that can act as targets for. collisions in the 
flocculation ofdilutc suspension. These chemicals have been 
used for many years and in many places. However, we really 
know very little about what is actually added to a water, 
what reactions occur, and what the results are! 

Consider stock solutions*of alum,' prepared prior to its 
introduction into a water supply. Alum can be purchased in 
dry or liquid form, and may be prepared iji a variety of 
strengths for use in'trcatmcnt plants. It has been observed by 
somcythat the strength of a stock alum solution can affect the 
results obtained when the chemical is mixed with the water 
to be coagulated. This is because the actual chemical species 
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Figure 1. Comparison of Flocculatibn Rate Coefficients in a Settling Tank. 
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f *V|p^reserit: in a;st^^^^^ dcpicnd on its strength. This is 

\' siilusti^tcd in; Fig^^^ 3 . These results afe calculations based 

■ i pii^tlic ! aidd^^^ pure water. 'Species 
. G0m(^6sitlo.n ind^^ pH are plotted as functions of 

• • pA^^ where [AJ j] is the total aluminum 
icohccntrMib^^^ When[AJ T] is 1 mole/liter, 

r ' pAl>r is^P^^^^ corresponding alum concentration would 
:C:bcm:W^''^-^ 2 (SO 4) 3 . 18H 2O. 
' ; F^^ I of 4 or larger), 

/"v ^thjj priwipa^^^^^^ are hydroxo coniplexes such as 

, Al.pH^ mg/ 1 or less 

'y/.of^alum^ iaire too dilute for use as stock solutions. In. 
:;.^-;c6^c^niT2iitd sykems (e.g:, pAlj of 0.5 or smaller), the 
jjFincipdi.^^^^^^ aluminum .species are sulfato complexes 
such' ,A1^ In the intermediate range (0.5<.pAlx 

• ^<^4)/'i:the simple aquo complex, Al •'^ or A1(H 20) 6"> . 
^* A pVerfominates. At pAl 'j^'2.5, the fraction of the aluminum' 
." /spbcics that exists a Al^^ is a npaximum. This also 

pprrespbnds tq a 'stock ^olutipn pf ! I mg |^lum/cm^ a 
' • concentrat&!)n frequently tised for stQcjKolutiojis in jar tests. 

'.Spriic Uquid.alum solutions ma ^*ic^ e^ccess sulfuric 
. V .. acid, have a lp^WehpH, and contaii) fnpi^c sulfatp complexes 
\than the solutioiii'desc of dry 

. ; ^alum: to raw water coritai4iy|te^alkalinity ca.h ptoduce a 
i hi^erpH and mqrc hydroX<||pT*plexes.^^.^^^^^ plausible that 
V ^pojyaluminum chlo^ide,•^^a^;)^lquid alumin^^ 
' solution apparently developed in Japan and;ysed in Eui'ppe, 
. m^^ contain stable hydroxcs^luminum ppiym^ \ 
..in concentrated stock soiutfbrts because thlbride is a;^Vca 
Jigand than sulfate. It is not yet possible ; to determ the: 
' - eflfects of sucK speciatiori qncSbfr^ 

• / • to say that the reactions of aliim; wjljh suBs^nces! 

■ and with v^^ter itself may depend on theiact'ualJ'aiiimiDum 
' ; species added, and hence oh the type arid^stttngVl^P^^^^ 

Stock solution*. Thc"best" stock solifiion is ^ilVa^^^ 
' additional ponceptual and experimental researdH/'; ^^^^^ 
Aluminum and iron(III) salts can rea^ct wjth^^ 
: V^ubstances in water, including water itseliF,; c^^ 

surfaces, humic substances, other soluBlc orgahics,^afhd')' 
phosphate. Possible products wbuld include splu^^ 
. hydroxo metal species, metal hydroxide ■predpijktes,., 
dcstabilii^ed colloids, mctal-humic prcpipitatcs, "^oluDle. ' ' 
metal-orgaqic complexes, and metal phosphate precipitatef^ 
The actual products formed w'lll depend pn the kinctics:pf^^ 
these competitive. parallel reactions, a^d hefee'^on reactaht. , 
'concentration, pH, temperature, ^nd reactor tj^e; U is"^ 
possible, for example, that the bes^.Teactor a^fi^ti^^Hoh to ^ 
remove hurtiics v/ith alum may be diffcr^pnt^rpm tli^|rea^^ 
type that promotes destabilization by aliim in co^j^^ 
The kinetics of the reactions of njfttal coagulaiws\wlt^ * 
substances in water, and the effects of reactor type dtf the 
performance rcsuhing from these competitive rcac^fcibhs in . 
real continuous flow systems are significant area's jf or 
scientific inquiries that are conceptually demanding and 
^ have practical utility. / v : V 



PARTICLES. AND FILTRATION 

Existing theory and experiment indicate that suspended 
'particle size has profound effects on the performance of 
clean packed bed water filters. Three observations are noted 
here. First, the removal efficiency of a clean filter depends 
on the size of the particles being filtered. A critical particle, 
size exists in the region of one or a few microns; particles of 
this size have the lowest opportunity for contact with the 
filter media and subsequent removal from suspension. 
Smaller particles are effectively transported by Brownian 
diffusion and larger ones'by Interception and settling. 
Second, small particles have large surface areas per unit 
mass and require large dosages of destabilizing chemicals to 
provide attachment within the filter bed/Third, the removal, 
efficiency of a clean filter is independent of particle* 
cpncentration. • ; * 

' >vCfean filter theories biecome inadequate as soon as a filter 
fiirn Jbegihs. Theories for ripening filters are being developed 
(2,3).vT^eory and experiment indicate that, suspended 
particle size ;anc| cpncentration have additional important ; 
effects. Firstv'fof.a given mass of particles removed, he^di VvV 
loss varies in atv^^iriyj^rj^ rn^^ partiglfesizc; ; *. 

Submicron particles' can enormous h^i^ ! losses 

when treatQdv,by conventional packed bed filters.' An 
example of tmsieCfeCt is given by the data presented in Figure 
4. Note thit ^minimum removal efficiency occurs for 
particles of 1 m size, While head-loss development is rapid 
for 0.1 M m particles. Second, removal efficiency improves 
^fter the start -of a run. Dirty filters can be more efficient 
tHan clean ories. This is because particles retained within a 
pa^edbed filter during the initial stages of a run serve as the 
filtei: -jmedia during the later $tage$ of filtration. In other 
words/ 1^^^^^^^ applied to a filter act^as the filter media 

irf.a rifieTie4 filter'. The size and chemical properties of these 
. particlesV^nH 'hence the actual filter media, are determined = 
by the v^ter"; source and the* pretreatment used. Third, 
TenfioVai.e^^^^^ at a given time increases with increasing 
^p^rtic^J^^^ in a ripening filter. This is because, ' 

hcw'mediS a^ more quickly, so that ripening is 

'■acci^IeVSted.^^^^ ' ' , . - 

Reseatcli'^^^^^^^ of particle removal of real filters 

treating re^i l^^^^ suspensions is needed. The role ./ ^ 

pfr prctrea^^^^ should be explored, with 

j^ariiculari^^^ the physical aspects of flocculation 

and seU^ be both conceptual and 

■expferimehta3fi:'Vj ' ' 

i4LSlJ|ll|MG^^ PERFORMANCE 

Tut|Diai|y^^^ of the optical properties of a 

suspbi\siQ?j>^^,M of turbidity provide rapid, - 

inqxpensiye,;"in of plant perfornrjance and 

a^re^'ValuaHfe^ and operating water plants. 

HoW^yer>^^^^^ is beset by a wide variety of definitions, 
ins^iimeqls; stand 

bet\i:(?(^n^fWiter plants cannot be quantitative. In addition, .•7 
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Figure 3. Calculated Specia^ion in Alum Stock Solutions. 
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Figure 4. Effects, of Suspended Particle Size on Filter Performance. 
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•* • • . ' 

turbidity measurements do not give sufficient information 
abouuthe size, number, mass, type, or chemical cpmposition 
of the particles in a water. 

The turbidity test is in need of standardization. Of greater . 
significancev specific tests for the physical, chemical, and ' 
biological properties of particulates in raw and finished 
water are needed if plant performance is to be evaluated ina 
meaningful way. Such data vVil! be. valuable:for evaluating 
th^^ public Jbealth significance of substances in ;a water 
supply. . ' . 

COpiCl\]pWG REMARKS , ^ 

the^r^ are many other aspects of wateV :'siipply ind 
y treatni|^^^^ require research. Epiijemfe^^^ 

of ipfeftions^^^f^ human enteric .vim%-i'n W^terV'V^^^^^ meet 
current; ;bacterial:, standards are fundamental, difficult,' 
expensive, and necessary. Studies oT- the optimal design ^f 
new facilities and the optimal management of existing 
facilities are needed. Important and challenging areas for 
research abound.^ This essay has concentrated on one 
important research area, particles in water, as an illustration 
of these many ne^s for fundamental' research in water 
treatment. 



• , WATER TREATMENT 

. The particle problem may be summaHzeS^ follows. 

Mbst pollutants are solid particles or associated with solid 
pjafticles. For examples, the emerging problem of asbestos 
fibers in water involves soUd-liquid separation. Even the 
> chloroform question can be consid ered a s involving the 
'removal of humic substances which arc precursers for 
chloroform prodiiction. These humic 'sii^stances aT^ 
colloidal paniel^or may be adsorbed on jilrticles. 

Despite tke sCdf^ and significance of the problem, wfe do 
not kno#;.tl^e;i^ physical, chemical,.and biological 

^^proper:tic^;9fth^ in raw and^ treaieiwater. We do 

hot know.-t!i^! chemi?ia^ species present, in stock solutions. of- 
comrtiori Qoagt^^^ sjiecies fprmod^.^^^^^ they are 

added to water. Design ■inyo^^^^^^^ of reaction rates, 

yet we do hot 'know the chemical kinetics involved in the 
competitive reactions that occur when coagulents are used. 
The physical kinetics in the flocculatiorfvof polydisperse. 
systems ar^ important : and unknown- Solid-liquid 
separation ^ust depend on* physical particle properties, but 
these are not considered in design. This serious deficiency- 
arises from inadequate data and inadequate theory. Stated- 
another way, fundamental research'on particles in water 
treatmeht is needed." 
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Dsmsild B. Aulcinbach (Rensselaer Polytechnic Institute): erivitonmcivtal engineers cannot be cj^pcrt ,at the 
' 1 ' -r^ relevant sciences such as 

, ij Was stated tl^ft^me materials in water may be desir^tile! f^ysics. Chemistry, Virology, Biochemistry, feconpmics, 
yet .it is proposed to developi techniques . to remdye ; etC-.^-This' m^^ us to the conclusion that a team 

cvejyjthing from, vyater. It seems to me that, we are going ij^j^proach ivyibcesse^ 

^overboard in;;^^ if W propose to remoye-^^-^ if they are prepared to, can serve the very. important ^^^^ 

'orchestrators of b|asic research.. If we conclude that basic 
research really lies in the sciences and some of the applied 
sciences, there obviously .ha;s to be a need for a manager to 
ensure that the basic research is geared to producing a clear 
and intelligible itiosaic which can be recognized as the 
environment. 

the institutional problems, not to irientipn the 
intellectual problenis of transdisciplinary research, are 
ipdeed formidable. We colleetively have the opportunity of 
bridging the disciplines and idcntifiying and coordinating 
the research effort serving as orchestrators. For this to be 
effective, we must reduce our efforts to copy pure scientists. 
. at work and rather profit from their pure scientific discovery 
by adding relevance to their reseafch. It will take great self- 
confidence to back away from the pristine piire approach . 
ourselves, relinquish it to others, and rather to try to 
. influence those others to provide the answers we need.^ 



. Everything firiim water - even the desirable constituents. I.- 
, feel that spending research money on methods for removal 
•of desirable constituents is a waste of money. h\ addition, it 
, rtiust^be stated that there are many'sources for pollutant 
; entry * into -"iwater. , One of the major sources'' is >the 
atmosphere^ It is very difficult to separate water from 
contact with the atmosphere. Therefore, one of the best 
. ways to preVent pollution of water from the atmosphere is to 
prevent th^ entry of these pollutants into the atmosphere. It 
must be recalled, however, that many of the materials in the 
' atmosphere exist naturally arid, therefore, naturally gain 
• access into the water. Since we plan to have methods for 
removal of everything from water we must be prepared to 
remove ^uch natural constituents, from 'the water. SVe must 
remember, too, that even after we 'remove^ aH the 
constituents froTm. water we still have to breathe the aii- with 
,all its constituterits including the natural ones. Furthermore, 
today there are. many ^er gnvironmcntal antagonism^ 
which are a greater hazard to the health and, safety of 
mankind and for which we see fit to do ribthing to control. 
For example, we know that smoking of cigarettes is harmful ^ 
and causes cancer, yet people will continue to smoke. We 
know that the automobile kills 40,000 persons ijer-year, yet . 
we are not willing to give up our automobile in terms of 
' savitig lives. There are manymore deaths than are caused by 
constituent^ in our drinking water. If ipan puts priorities on 
his needs, when he feels that water is the most important 
need he will put more effort into doing research in water 
pollution and in p^pviding sufficient W!ater treatment that 
there may be no question or doubt of the safety and purity 0/ 
these waters for all consumers. 

Philip H. Jon^ (University of Toronto); 

In looking pvcr the papers and hearing.the presentations 
of the' past day, 1 have bee^ particularly impressed with the 
diversity of the group interest and, at the same time, with tl\e 
specificity of the individual interests. This leads me to 
believe, that as individuals we are peering through long 
narrow tubes at our basic research needs and that, if the sum 
total of the perspectives Avhich. we individually have makes 
up a composite picture pl^ it is much more 

y l,uck than by judgment. 
I carne to the conclusion a long time ago that 



E.h! Ted Curtis (US Department of the Interior) for Mr. 
Robert R. Peters: • 

What inte;ractions have you made with your proposal on 
financing and guiding water related research with the 
National Wateir Policy Study, specifically in relation to the 
Task Force report on Water Rescviirces Research?' This 
report has recently been prepared and it is now approprial?e 
to direct comments toward Mr. Guy Martin, Assistant 
Secretary for Land and Water Resources, Department of 
the Interior. . ^ « . 

Peter O. Nelson (Oregon State University) for Dr. E. Robert 
Baumann: . 

I certainly Ijelieve that expertise should be developed by 
one person or a smalLgrbup, apd that many problems may 
require an interdisciplinary approach tp solution/ ^If . a : 
university develops a "center of excellence*' bas&r on 
expertise in an area, this should be a vehicle for seeking 
funding. However, my comment to Mr. Lacy of the EPA* • 
was whether funding would automatically go to "centei-s of = 
excellence" and thus not be subject to thecorhpetitive peer 
review process. Peer.review is a niecessary check and balance 
on quality research and should not be circumvented in th^^ 
funding of re.search. 
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A. Amirtharajah (Montana State University) for Dr 
Chirles O'Melia: 

I wisK to reinforce some of the remarks made by Dr. 
O'Melia. There is a general impression in the environmental 
engineering field^ that we have a reasonably complete 
^ Understanding of most water treatment processes as v^ll as. 
adequate parameters for 'design. I believe that our 
knowledge is glaringly incompiefe in almost all areas and we 
have very little fundamental understanding of the various 
processes. Most studies ^ave been macroscopic and 
empirical in nature with very few that deal with the processes 
from a microscopic theoretical framework. • , 

Let me illustrate with .specific examples in each process 
area. In the rapid mix of a water treatment plant, an 
interaction takes plkce with chemical reactions and a 
^ turbulent fluid field which varies spatially. We havea partial 
understanding of the chemical kinetics, but almost no 
understanding of the'interaction of the two systems, for a 
.fun4amental viewpoint, we need to marry the 
hydrodjinamics of the fluid field with the chemical kinetics. 
- .Water treatment plants commonly use sludge blanket 
rype clarifiers for coagulation-nocculation. The design of 
the tlocculation ^one -is, painfully simplistic based on 
detention timeanrftlie parameter, Gt, partially derived from 
von Smoluchowski's theory of orthokinetic fiocculation 



. -water .treatment::':- 

based on a laminar fluid field; The^ludge blarilcet zone in a: 
clarifier is a- nuidized bed, at)d is very, very different from • 
von Smoluchowski's . theoretical system. Even in horizontal • 
flow-through fiocculation systems, it-is only in recent times 
that attempts have been madfe to model reality from a 
microscopic vie\ypoint, with a turbulent fluid field and ■ V'; 
simultaneous flof formation and erosion. • ' 

■ Filtration is On6 area which has been., probed from a' * 
lundanjerital . as Wt^^^^^^^ empiricai approach for several ' ; 
hundred years. Even here we are unable to quantitatively" ' " 
and realistically model the perforniarice of a filter; rtamelyt^ 
predict its effluent, quality and head ios? charaaeristics. f n 
addition, we commonly design decliriing.ratViiliers oh tfie - ' 
basis of unifonn loading and head (osrtharatiteristic^ li^^ 
constant rate filter. In backwashing, .we kiioW very little^' ■ "'. 
about air scour except that it. is efftctive. 'R^ent designs) ' - ' 
indicate that the filter design mdy in fkt be tonirollbd Iby its ■. ' 
backwashing characteristics rathec|han:its'fili;r^\ion effects, ' • 
leading tp coarse singly media (w2mhi) deep beds( « 8 ft )? "'^ •. 

In |:onclusion, I believe that We' have only a iimited : . 
knowledge of water treatment processes , from a , .. 
fundamental viewpoint. What \Ve: need are studies'similarto • : 
Camp's lifetime work in this area: quantitative . theoretical ^ 
studies from a microscopic viewpoint which Would lead to 
macroscopic design parameters. ■ •; - • .h '.. 
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FUNDAMENTAL RESEARCH NEEDS IN WASTEWATER TREATMENT 

FOR BidLOGiCAL PROCESSES 



Perry L. McCarty 
Stanford University 



INTRODUCTION 

Waistewater treatment processes are normally divided 
between biological, physical, and chemical processes. 
Several procpsses may be used together to form a 
wastewater treatment system that is capable of removing 
undesirable contaminants in the wastewater and to process 
the resulting sludge for final disposal. This paper 
concentrates primarily on the fundamental research needs 
for biological processes, since it is expected that needs for 
chemical and physical processes, for sludge disposal, and for 
. integration of the overall system will be covered in papers by 
other participarfts at this conference. Several other recent 
reports which address research ^needs in these and related 
areas should also be noted (1,2,3,4)'. 
• Wastewater treatment system include not only the 
traditional wastewater treatment plants, but also soil 
systems employing overland flow, percolation, or 
subsurface injection of wastewaters: The latter systems offer 
potential beyond that available in the traditional treatment 
plant, and present some of the most challenging problems 
for fundamental research. . - 
NEED FOR FUNDAMENTAL RESEARCH 

The estimated budget authority for pollution control and 
abatement for the federal government in FY 1978, exclusive 
of construction grants, is $2.4 billion(5). Additional billions 
of-dpllars have been and will cohtine to be spent yearly for 
pollution control equipment by private and governmental 
organizations. Yet, the understanding of environmental 
problems is so limiited that the appropriateness of much of 
these expenditures frequently has been challenged. There is 
little question that long-term fundamental research applied 
tof the- solution of practical environmental problems would 
bet)T major benefit to society by helping to reduce the cost 
for pollution abatement and to direct available funds for 
correction or prevention of the mo.st serious environmental 
problems. 

The. U.S. Environmental Protection Agency's requested * 
operating budget of $^802 million is part pf the above 



estimated 'federal budget and includes $266 million for 
research, and development (5). Because of this significant 
budget it hasWn common to assume that EPA is a major 
supporter of fundamental environmental research. 
However, as pointed out l|y a recent National Academy of 
Sciences report (5), the EPA research budget must and for 
the most part is used to support the agency's primary 
mission which is regulation. The NAS report indicated that 
EPA should not be considered as a lead* agency in 
fundamental research for environmental science- and 
technology. Thus, even with the considerable federal 
expenditures in the environmental area, there is no federal 
agency offering significant support for fundamental and 
• long-term ^research on environmental problems. The 
National iScience Folindation would Seem to be the logical, 
federal agency to supply thi^need to the country. 

A question which inight be asked is: >Gan fundamental 
research soive practical problems? It certainly can when it is 
well Conceived and properly focused. Twq examples will be 
used for illustration. An important success of ifunda mental 
research was the elimination in the early. 1960's of excessive 
foaming at wastewater treatment plants and in rivers and 
groundwaters Where sanitary wastes were discharged. This 
problem resulted after World .War II when synthetic 
detergents were introduced to the household market. While 
much empirical trial and error research was conducted on 
this problem, it wa§ the ifundamental research carried on 
within environmental engineering programs at M.I.T., the 
University of Wisconsin, the Univershy of California, and 
elsewhere that provided the solution. This research was the 
first to reveal that industrially synthesized organic 
compounds may not yield to normal biodegradative forces, 
and thus was the first to challenge the long-held concept of 
microbial infallibility.^The fundamental research showed 
that the presence . of a quarternary carbon atom, an- 
cuncommon but not absent feature of natural organic.!' 
molecules, together yith frequent molecular branching 
made the ABS 'detergent molecule exlriemely resistant to 
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microbial attack.' This indicated that if the quaternary 
carbon was eliminated and the molecule was straightened, 
than an effective, but biodegradable detergent termed LA^i^ 
should result/This cleaV elucidation of the fundamentaF 
molecular structure causing resistange led to a r^pid 
changeover to l^AS and elimination St this significant* 
problem by the early 1960's, abjjut fifteen years after it had 
first appeared. * 

^The other example is of a major^research effort which 
used an indirect and empirical approach, and largely for this 
reason, the problem is still unresolved after fifteen yeaVs. In 
the early 1960's it was noted at the San Antonio, Texas, 
treatment plant that phosphbriis was almost completely 
removed through activated-sludge treatment*, a . 
phenomenon which offered potential'for ejiminiation of this 
pollutant wit|iO||t exjjensive cheniical addition. Empirical 
observation indicated that an unusually high aeration rate 
was correlated with the phosphate removal and a national ^ 
research effort was instigated tp demonstrate at several 
treatment pjants that this,^was a cure for the phosphorus 
problem. This attempt met with only partial sudbessatsome 
plants Ind none at others. A . controversy began over 
whether the phenomenon' wa.s luxury uptake - by. 
microorganisms or chemical precipitation due to the high 
resulting' pH, but insufficient funds have been provided to 
pursucthe mectianism in the fundamental way it Reserves. 
' Some headway has been made, but tlie probFem has not yet 
been resolved. Asa result, few treatment plants are designec^^^ 
to take advantage of this potential cost-saving phenon^enon. 7 
Engineers responsible for the design ofjreatment plants 
costing millions of dollars cannot afford to gamble on 
designs whifh are based upon other than established 
scientific principle as there is too high a probability that they 
will fail. . - . ^ 

The above and similar examples illustrate that a good 
fundamental understanding of a process is necessary before 
confidence j|i its use can be gained by the industrial and 
engineering community. In the following, various araas for 
^ fundamental research which should contribute to our 
understatding of biological processes and lead to broader 
applicatioi^to meet future needs is presented.- 

RESEARCH AREAS IN BIOLOGICAL WASTE- 
WATBft TREATMENT 

Because of their continuing or growing importance, the 
folipwing four aspects of bfological wastewater treatment 
should be subject to long-term fundam*ental research: (1) 
microbial ecology of treatment systems, (2) kinetics of 
biological processes, (3) persistent organics, and (4) 
innovative processes. There is overlap between these areas 
as indicated in the following. 

Microbial Ecology of Treatment Systems . 

Billions of dollarsare being spent for municipal biological 



treatment plants each year. This capital ir^vestment comes 
larg^ through federal support, but the operating costs^ 
which wjll be Iff equal magnitude, will be borne by locaT 
municipalities or by industry. Experience has indicated that 

•we should anticipate reliable (Operation of theSe plants will 
be sporadic and that failures to meet effluent requirements 
will be frequent^* An important fundamental research need is . 
to develop a better understanding of causes for treatment 
plant failures, and to develop methods for their systematic 
. evaluation and control. Failures may resuft from inadequate 
design, * inappropriate operation, or from abiotic 
characteristics, of the wastewater being treateU. It can be 
exceedingly difficult to. judge the caus»of an improperly 
operating system, mainly because of alack of a fundamental 
understanding of the way in which mixed microbial 
communities respond to different environments. The heerf 
then is for a better fundamental understanding of the 
microbial ecology of wastewater treatment systei^s, 
particulariy as this affects operation^and reliability. ^ j 
Biological treatment systems represent mixed cultures oN 
high comp^lexity. Mi^obial ecology is concerned with 
interrelationships between microorganisms and their 
environment. Under a givep set* of conditions, shifts in 
microbial population can significant effects upon 

effluent quality. Such changeovers may^becaused by purely 
random forces, or they may result from changes in influent 
wastewater characteristics such as temperature, the. 
concentration of a required nijj^erit, or the presence of an 
^ inhibitory-material, or they may result frorm|)ie particular 
treatment plant design or operation. While rnany factof^s can 

, result in ah undesirable shift in microbial population, the 

' introduction of inhibitory materials is commonly bla jfied. A 
better understanding of the microbial ecology pf treatpient 
systems woul(3 help differentiate between potential causes of 
biological treatment plant failures. . 

One example of need in this area is the effect of oxygen* 
tension on the characteristics of the microbialcommunity in 
activated-sludge systems. Claims for pure oxygen systems 
which result in higher dissolved oxygen concentrations are 
that the biological floes are more compact, settle better, and 
result in less excess biological sludge production than air 
systems, Experience with the reliability of sucii systepis has 
been variable. Lack of adequate fundamental research in 
this area has left many of the \mportant questions 

"unanswered, and has left engineers in a quandary over the 
real merits of air versus pure oxygen systems. 

The above is perhapsa.subset of a broaderand continuing 
problem w|;iich requires more funadmental understanding 
of microbial ecology. This is "bulking" i,n activated-sludge 

. systems. Bulking results from' a change in bacterial 
predominance leading to a light and poorly settling sludge, 
an inability to retain the microorganisms in the treatment 
system, and their subsequent discharge to the effluent, 
producing high effluent suspended solidsand BOD. Bulking 
has ho doubt been the major operational problem with 
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activated-sludge systems since th^ process was developed 
oyer fif^y years ago, and it appea/s it will continue to be one 
of the major problems in the future. Good fundamental 
research has been conducted in this area aad the causative 
organisms .are known. However, there is insufficient 
^ understanding of the relationship between these organisms 
/and others in the treatment system as affected by 
environmental factors. 

Factors ^^^hich lead to a change in predominance from a 
desirable microflora to a bulking ooe are poorly understood 
and based largely upon empirical evidence. Control is 
largely through trial and error using such procedures as the 
addition of toxic substances, like chlorine or hydrogen 
peroxide toTeduceahe population of bulking orfeanismsiri 
•the hope that they will not return to dominance, the addition 
' of more oxygen, or sometimes less, with the observation tMt 
• at times theseWasures lead to (Jesirable population shifts. 
Evidence\atL times indicates bulking is caused by toxic 
substances N)f undefined character, the introdluction of 
unusual organics, lack of inorganic nutrients, such as iron^or 
nitrogen, ' or .an excessive carbohydrate fraction in the 
organic** makeup" of t^^^ waste. Change from- one 
modification of the activated-sludge ^process to anotfier, or 
deration at different solids retention times have also been 
judged ft times to relieve a bulking problem. Observations 
of bulking in some laboratory systems but not others \Ch?n 
operation is identical suggests that rahdom population 
shifts are also likely to be a cause. Continu.ed, but more* 
intense^^fuhdameBtal study on the ecology of mixed cultures 
directed towards an understanding of factors-whicli cause 
shifts toward predominance by bulking or^'nisms and 
methods for their control should lead to a redaction in this 
signific^t problem. This has been and will continue to be a 
Tong-term research problem. 

Another important problem in biological treatment 
systerns whicff can be addressed through a "better 
" understanding of microbial ecology is the relationship 
between growth rate *&nd eMuent quality. Tfle maj^or 
♦ toaramet.er vjich the operatof used to control organism 
^growth rate is the solids reten|k)n time (SRt) or sludge|jge. 
By "tuning" the SRT, he can avdid the dispersed growth 
occurring at low SRT or the "biological residue'Vwhich 
result^ at long SkT, both of wjiich lead high ^fluent ^ 
suspended solids and BpD. Because of the importance of 
this control parameter, and the variability of results which i! 
provides, a rtiore f^damental unddktandi^fg of 4fte 
relationships between microbiological populations and 
growth rate , is desirable. How does growth rate tfhder 
steady-state-operat-ion affect organism predominance, the 
abijity of organisms to agglomerate and settle, ar\d thq, 
biological end products from meoaboli^ or decaj? How 
does variability of flow rate and waste loading4lffecVthese 
properties^ These a.reall questions which can be addressed 
through investigations of microbial ecology. ^ 
The National Science Foundation is now supporting ► 



fufidamental studies on the microbial ecology of methane 
. fermentation. This is alr^dy leading to concliisions, which 
are of importance not only to wastewater treatment, but also 
to the production of energy in the form of methane gas from 
a variety of organic residues from industry, municipalities, 
and agriculture V and from energy farms and coal. These 
studies are helping to undefrstand natural decomposition of 
origanics .in the environment and are even providing new 
clues to the origin of life. Methane fermentation offers one 
of the be^t procedures for reco\^ery of a valuable by-product 
from waste decomposition, and rather than requiring 
energy, it produces energj' in the process. 

In' the wastewater treatment field, methane fermentation* 
has frequently been criticized because of lack of reliabilhy. 
However, it is evident from experience in England, thai a 
national effort to gain an understanding to this process and 
^ to establish a protocol for evaluating the causes of failure of 
anaerobic treatment systems can meet with enormous 
success. Continuing emphasis toward understanding, the 
microbial ecology of methane fermentation, with emphasis 
on the nature and effect of inhibitory materials, and 
methods for monitoring their presence and control, is highly 
desirable. 

A more fundamental understanding of the effect of 
inhibitory materials on microorganisms in wastewater 
treatment systems in general is of importance. <Jross 
inhibition can u§ually be recognized atid eliminated. Of 
more importance for long-term fundamental research is'the 
more subtle effects/ from> sublethal concentrations of 
toxicants, • which* may cause changes in orgariisjn 
- //edominance and resulting decreases, in effluent quality. 

• They may^ cause changes in the ability to remove certain 
trace organics. of toxicological slgAificanCe^ even while 
effecting adequate BOD removal. A more fundamentai 
understanding of the effects of inhibitory- materials can thus 
lead to better evaluation and. control of J biological 
wastewater treatnf^nt plants. ' ' 

In summary* the sustenance'of a well-operating biological . 
Wastewater treatment plant is dependent upon the ability to** 
maintain'the proper microBiological community. A more 
fundamental understanding of microbial ecology ^f 

* wastewater treatment systemsis essential for understanding 
the needs ^ desirable populations and how undesirable 
communitieVdeveloftk and to develop adequate monitoring 
and control procedures so that the microorganisms desired • 

%anhG maintained. It is essential, however, that research in 
microbial ecology ^be clearly focused toward solution of 
these significant problems. 

of Biological Processes 
I A better fundamental understanding of biological 
wastewater treatment systems is 'slowly evolving. Our 
preserft understanding has been quite adequate in genfiral to 
4 evaluate the majqr treatmen^parameters for the design and 
coptrol of biological treatment systems. This is especially 
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true of suspended growth systems. The kinetics of microbial 
fixed-film systems is more complex to describe,, and is 
becoming better understood. Nevertheless, it is essential to 
continue fundamental research here because of the 
intrpdiJCtion of new and promising fixed-film processes , 
including rotating biologicatl media, submerged reactors,'- 
and fluidized biological beds. In addition, it. has become . 
apparent that the fixed-film biological processesare of great 
importance in. the removal of contaminants by activated- 
carbon adsorption. 

Also of growing importance are soil sysfems, involving 
/either spreading' of wastewaters onto or injection. into the 
•ground. Observations' of such systons to date are largely 
empirical and indicate that soil systems c^n be quite effective ; 
in removal of material's as measured by traditional 
parameters such as BOD. Empirical observations also 
indicate that aerobic conditions, as enhanced by "resting" 
the systehis between periods of spreading is beneficial, at 
least in. preventing undue clogging. Whether or rfbt this 
otherwise increases the ability to biologically remove 
organics is unknown. The kinetics of such processes, fronri a 
fundamental standpoint,. remains largely an urrknown. Can 
the enrierging understanding of fixed-film processes be used * 
to describe biological decomposition of contaminants by 
soil systems, or mi©t other factors bea)nsidered? Ho^yisthe 
ecology of such systems related to1|pit of other biological 
processes? Do fungi provide a significant role in these 
• processes, and if scr^ what additional capabilities or 
* difficulties do th^y present? An important but related topic 
concerned- with deeoTpposition of persistant chemicals at 
low concentration is discussed in the next section. The e^yer 
increasing emphasis on use of soil systems, their potential 
economic and technita'l advantages, and potential for 
adverse impacts from groundwater contamination, suggest 
.the need' .for mucb more concentrated and fundamental 
research program both on the kinetics and the microbial 
ecology. . ' ' 

Toxic ^nd Persistent brganics 

Persislenl organics refer to materials which are difficult to 
degrade biologically. Physical and chemical processes are 
. generally proposed as arn alternate means of removing such 
imaterials arid so the need for fundamental studies of 
'•biological processes- , in this area might be questioned. 
However, there are aspects of certaio persistent organics 
which are important for investigation from a biological 
point of view. For one, it is now generally acknowledged 
that most persistent organics which are present in. 
wastewDters and in most natural aquatic systertfc are 
produced naturally through biological processes and are not 
anthropogenic. While there is generafly little fear that these 
materials are of toxicological significance, they do present 
problems. It has long been recognized that they impart^ 
tastes and odors to waters. In additipn, some react with 
/chlorine to produce halogenated organics which are of 
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concern because of presence in drinking waters, In addition, 
their relative abundance in natural waters and wastewaters ; 

tends to mask the presence of industrial organics for whiQh 
there is a major health concern. For these reasons, a better 
understanding of the nature of biologically produced 
persistent organics is desirable. Although* controversial, 
there are indications that as much as 40 percent' of the 
dissolved organics present \n the effluent, from biological 
treatment of municipar wastes is produced biologically 

, during treatment. The characteristic^ making this naturally 
produced material so refractory is largely unknown, as is its 
general compK)sition and molecular structure^ This material 
ig generally thought not to be of tQxicblogical significance, 
l^ut since this has not been studied, this also is not known 
wittv certainty. Thus, fundamcjntal studies to evaluate the 
source, composition, molecular structure, and 
toxicological properties are most desirable. Knowledge of 
the, relationship between molecular structure and 
•persistence would also be most beneficial. 

, ^Reasons for persistence of anthropogenic organics should 

, also be studied 'in a fundamental way. This would permit 
evaluating whether proposed chemicals could be treated by 
normal biological processes and by soil systems, or 
decomposed when added to. the environment. Organics 
which cannot be decomposed.biologicall>tand which do not 
adsorb well in soil systems can result in contamination of 
groundwater supplies for generations if present in 
wastewaters applied to theland. This may even be a problem • 
with chemicals which are normally biodegradable, but 

- because of their low concentration in wastewaters, they may 
not support biological activitiy. 

Thus, another area of fundamenta4 research need is on the 
kinetics of degradation of organics at low concentrations. 
Cuirent theory of bacterial kinetics suggests that wHen an 
organic exists in concentrations below the fractional mg/ 1 
level, the Concentration is not sufficient to permit growth of 
microorganisms, i.e., organisms' decay rate exceeds the rate 
of growth. This suggests that some group ^f "persistent" 
organics found in natural environments artd treatment plant 
discharges simply may be a collection of normally 
biodegradable • organics. each of which is' too low in. 
concentration/to sup{k)rt bacterial growth. In support of 
this, low concentrations of biodegradable sub^ances are 
indeed found in oalural systems and* treatment plant 
effluents. / 

However, other observations indicate that d.ecomposition 
of organics can occur down to levels as low as the Mg/ 1 level. 
This may be .explained as one form of co-metabolism in 
which an organism is supported by one organic that is 
present in relatively high concentration, making it possible 
to 'degrade another organic which is present in low 
concentration. A better fundamental understanding of the 
kinetics of microbial decomposition of organics when 
present in low concentrations is most important. This has 
application to normal treatment plant operation, to natural 
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waters, and especially to treatment of wastewaters in soil' 
systems. Research in this area seems especially important 
now with the greatly increased need for controLof specific 
organics, instead of just gross organics as measured by 
BOD, COD, or TOC. The increased emphasis on 
wastewater reuse especially by ' land-spreading and 
groundwater injection calls for an immediate start on long- 
term fundamental reseach program in this area. 

Innovative Processes 

Support for fundamental studies of innovative treatment 
processes should always be available. The need is not for the 
immediate support of a special group Of proposed concepts, 
but to have fundus available for well-cpnceived ideas which 
evolve and offer potential breakthroughs 'in treatment 
technology. Often sufficient support is required to test a 
concept which has some demonstrated promise, but which 
needs additional evaluation for technical and economic 
feasibility. Frequently, one new concept explored in some 
depth, may not prove to be feasible, but will lead to other 
concepts which do. Most biological systems presently used 
evolved in this way, and ther« is a real need forsome level of 
support to generate newer concepts for the future. Each 



experimenter no doubt has his own ideasasto which lines of 
investigation offer the most promise.. /Jk modest level of 

" support in this area will stimulate the generation of proposal^ 
for study of new concepts, and the most promising ones can 
be selected by peer review. Financial assistance to study a 

^ broad r^nge of innovative concepts is desirable in order to 
sort oiit the one or two concepts Which will revolutionize the 
wastewater treatment field from the many ideas which have 
the potential. 



SUMMARY * ' ' 

Four areas of fundamental research needsjor biological 
" processes.of wastewater treament have been presented. In 
each of these areas the need is fpr long-term, methodical 
research aimed at providing fundamental information with 
wide application to a variety of problems. Such research is 
needed to generate new ideas arid cdhcepts. It is also needed 
to give an understanding of processes so that they can be 
>j designed with more confidence and operated \yith mor^ 
potential for success. This is a major advantage of the 
fundamental research approach to the solution of applied 
problems. 
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INTRODUCTION 

The title for this panel sessioh— indeed, that for the 
Conference— might leave question as to whether we address 
fundamental research, or fundamental needs. Any notion of 
inherent ambiguity in the title(s) should be put aside. For 
wastewater treatment, as indeed for all applied technologies, 
wha't is fundamental by way of need defines what must be 
fundamental by way of research. 

Two fundamental needs of man are safe water to support 
life and conservation of those jesourccs which maintain the 
infrastructure of his activities; these needs intrinsically 
define the direction and scope of our research; 

The realities and consequences of diminishing resources 
in the face of expanding demand have made it ihcreasingly 
necessary for man to recyclea variety of resources, including 
water. Other non-recycleable ^tesources, such as 
conventional energy, n]iust be .efficiently cascaded and 
^ consoiin^ed. iii ihe course "oiF use. Several aspects of these 
considerations take| oh colinear perspective in wastewater 
treatment, white others are diametric. Our research vista 
must focus on development and refinement of treatment 
syittems whicl^'ljkolinearize as manjiiacets as possible of oiir 
needs and dur practices. . ^ 

Environmental issues of the past two decades l&ve 
markedly changed^e emphasis q$ wastewater treatment. 
No longer is it sufficient to remove BOD to protect the 
oxygen resource of a receiving water. Levels of 
environmental sensitivity and conern have elevated ( 1 ,2); so 
too has* the com|ilexity of residue emanating as waste from' 
an increasingly sophisticated industrial technology 
responding to broadened^consumer demand. 

Moreover, the priniary function of m&ny so-called 
receiving waters has evolved in concept and reality from 
waste transport, to recreational resource, to water supply. 
The eventual link between water and wastewater has been 
abridgcd-^spatially and temporally— by a combination of . 
circumstances. These include the increasingly contiguous 
locatioi^ of communities and industries along watercourses^ 



the escalation of sdciar water requirements, and . the 
persistence and ubiquity of an increasing number of 
cdntaminants of relatively . recent origin and/ or 
detectability. . 

It may be consklered gauche to quote oneself, but, since I 
have, been askec to give my opinions on research needs, I 
would reflect upon a position I took a number of yearsago 
and staunchly maintain(3): 

"—the increasing frequency with which the normal^ 
hydrologic cycle of water is short-circuited makes supcrficiar 
boundaries between natural waters, water supplies, and 
wastewaters more artificial than they have been"". . . 
"Engineers and scientists must address thems^jves to the ; • - 
reality of a continuum . of water quality and to the 
development and implementation of measures for 
transforming water of any quality along the continuum to . 
any other quality required for a particular use.** 

Water recycle and reuse, defacto and dejure, is a reality. 
In developing wastewater treatment technologies — and in 
the research related thereto^ we must be aware that we are 
the ultiniate cpnstimers of our proiduct. We must be aware 
toothat,ii> the final analysis, even those of us in wastewater I . 
treiatment are eventually and ultimately concerned rurn^ ; 
aquatio/ Our fundamental research must therefore«||W ^ 
designed to provide answers for how best to secur^|Re 
water. . , , , '•'^ ? 

RESEARCH NEEDS ■ 

In the context of the foregoing, I advance several res»art|)r, ; 5 
areas of particular significance; all relate to a central concept ' ^ ^ 
of reclamation systems to permit and facilitate exp^^dcd .v ' 
reuse of water. The order of presentation does not hixply 
order of significarice;^ach must, I feel, be addressed^wflh 
maximum vigor and acuity. In simple statement;^ese -'il^ 
research areas are: ^ 4 



1 . treatment systems for specific control o/ pollution by ' 
toxic, carcinogenic, teratogenic, and mutagenic substancest^ 

2. disinfection and chemical oxidation trealments;,^j^itb 
particular reference to potentially adverse implicatilphs;. * 

4^. 
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. '3. integrated. bio-pl;iysic6chemical * processes to 
accom|)lish higher levels of treatment than conveniional ' 
biologicaf sysHjems at levels of energy alndicost utilfzaii6n'. 
below those 3,ss9ciated with GonVentibnal'phii'sicochemical' 
systems; . • * ' * « '"^ 



4. muliipje^purpose integrated syste^ns^^yhich^oraJt)ine| ebmpound 
veral objectives of water, air; and solid-wa4te. pdllutitiv^^f . process stn 
mtrdl; and. ' ^ / ,^^^u-.-L_ 

n\ in ^dditi 



several 
cdntrdl;ahd. 

5. treatment systems which fen\ in Addition to '^ir 
primary ifunction of water purification and recovery, . 

. provide for secondary resource recovery.* 

X 1 will not attempt here to ejaboraie each of the§e research 
needs^o the degree and depth they warrant; neither time no^r 
spa'ce permit, nor', indeed, does the awareness of the* 
imaginative researcher require it. ' Sfonefjieless, . it is 

. appropriate that somexonspectus and ^xemplifjcation be 
given. . ' . " - 

• Sp^dfic Pollutant Control ' > ; ^ * ^ ^ 

^ -In Consideration oif t he .regality of water reuse, it i^f^sehtiaj 
*' Jhat our .research evolve technrfogies Hjat will l»?i«;iirp% 

specific Fcrnov^l o{ j^otentially 
. {tratogertic, and. mutagenic ii^bs: 
an^d or discharge systems. Natipna 
control of such substances in . the.envi 
thq. To.>;-ic*Substancqs Control 
. Th|? . development of, elab* 
pafrtjcularly in the U.S. and in 
fjroliferation of a vast, nurfiber 
chemicals ifidustrial, agrlciilt 
character bf rtiany of these cher 
have insidious and profoun^' < 
synergic^ either shor| term or lo" 




^ will |fi sure" 
ic, carcinogenic, 
rec^q 
atioi^ 
manifest by 
'►4^69X4). 
societies, 
has led to 
*, complex 
ic use. The 
t they, can 
ler direct or 
•ipan and his 

environment in uncontrolled ex^Hre ^itu^tipns (5-9)'. 
Such compounds ev|fitually fi.ndUhet^^^y'ihtc^unicipal < 
and industrial wastevAters/and, unless^|^^^^ removed 
irearment^ocesses,^ uUljpiately appear in 
ivVecedving waters and water ^pplids (TO-14^. ; 

^ We know, geAbrally, the qualitative character of 
treatments that will ^dress thfis issue. For the^ost part, 
they are physicochemical separatiinand/ or transforntatior^ 
• proc^^e^;. such as adsorption ^ori activated carbon, 
,ri^mbicane'se'|ii&ration, or oxidative transformations. Our 
' re^earc^f^must focus on characterization and quantification 
5, of .Jhe specific /^action mechanisms and micro-transport 
d3;jranics associated with such processes^ in these 
^^mF^^^^'^^'J^y^^ on derivative evblution of rati^onal design 
V . , . . . ^ 

|v One mijght ask, from an applications standpoint, why is it ' 
nece^sar>' to elucidate fundamental reaction mechanisms 
'and * microtraiijip'b.rt processes. This is^an issue 1 
su 
/ Fo 



processes are sufficie^itly differentr-in both objectives and. 
dynamics— 'to dictate-against rote adoption of research data 
and information de^^eloped from other applications on 
similar processes. C^ise in point; adsorption by activated 
carbon when addressed to isolation of a specific orgknic 
md , present ' in .high conce iri a chemical 

.streamcan, and likely' wilCjnvoiv.e entire 
mechanisms land dynaralics jthari when addressed to the 
removal of . extrenjely; srnall concentrations' of y that ; 
corppbund . fromi . an aqueous solution cprttainijig a \ 
backg^piind of other brganit; Substances : off similan and . 
dissimHar chatraeter. . Adsonptive. selectivity, i:ompetitive , 
intei-actipns; and ;potfenU^l chromatographic; 'elution or 
.displacement becorne. matters of subst;antia^^ with : 

respect to process feasibility in the Tatter case. In like • « 
manner, processes such ;ls oxidative cbriversioa frequently;: 
defy conventional thermodynamics an^ kinetics in the dilute ^ , 
and complex^, mix reprei^eiited by most wastewaters. Such'^..! 
factors as , interfereni:esv and .! formatib of . kinetic 
intermediates frequently ' control process- feasibility; khd 
dictate specific pretreatments and/ or process modificaltiorts, ..^ 
the nature of whickcan b^ eluc^^ed only by fundame^ial 
research. . ' 

; Disinfection and Oxidati^j^^ S<^v ^ 

Although some argjuhehis .to the Contrary jcai^ /be 
'^ advanced,;, it is likely asspciaXed v^ith^ihe^^ 

I disinfection pf wastew|.ft rs^f^^^^^^^ aVd v. 

inactivation of ent|«^virusest>wif| in^ure .cbrilipuatibn 6^' < 
this practice. The^e^ri^ guestib in rcclariiatibtiand 

(in .$iluatib,ns whQre pf ' 

-^jV^^bOf the less, 'w.e' musl'^e cbgnizanf :^ 
^vi'asteiwater---7a^^ least iff cbm^^ 
"'^"^'oifentially If: ; 
k^^^^ute,, c^||ffi^ j; 
|b^nnaissa«^PBH^ of .the,'v{. 
^*^'-''i^ports^^he. effects bf - the " 



recycle, systems 
water is a . pb 
that dlsinfge 

^ pra'cticed~^t; 
this be ques 
tlfe Natibn^i.: 
EPA an 

'*chlorin 
made 



other: 




clrinking:^aters (ia;i2:i5ri7X I^efej^riceT^ ^ 
rmiation of halororganip comijpunds ha\^^^^^ 
"^uchf^||^5pie potential , wfth respect Zip; ,t^^^^^ 
parcinoge^Si;», teratogenesis, and mutagenesis ; as those 
materialsr;)rffer-r?d to in the preceding category pif research 
need.Tf tW indeed the.case^or raw watersujjpUes, there *^ 
can be|Btne'doubt of the fbrmatipri such compbyrids 
Ifjpstewaters, which—at least in early^stages of tTea;tmer?t^" r 
Wntain higher concentrations of a great^r yariety bf organic ; • 
[pounds which can function as haib-b^ganic precursors., 
^e might suggest tJjat our research must seek .pyt sprriei^ 
ifectanr other thah chlortrie , which ^yill not y^^ 
infially harmful end products, Viet we Ic^bvv that many 



, . . . . , will .'t^.bfRer materials, yvhicb might logically serve as disinfe'ctantsf 

ibsequcntly address , n>nriore detail and in ^i)^oader cjjch as 070ik,^J^act wr^h 

3r ffihe present, suffifje it to say that wastewjater treatment fl^rtinl-nO*Ha '^^!9St,.nf. ^ua i ; i:.;' 



applications of 



most 



separation and transformation 



^tial-o^a]^^ ahd kinetic intermcdiati^'/Qf^^^^ 

reasonable lojfe^^ity gS): The depth of our kriowledg^^u^iiji^^. 
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respect to such reactions is scant fq^^^pm^C^^^ than 
chlorine; this alone suggests denr|^(^pd fo^fund^^ 
research on the potential adV^^jmpa^s of likely 
alternatives to chlorine. [^^^^ ^ ;V 

It is conceivable that there are cwj^cals or methods for 
disinfection which can function .wit^j'ta^^ verse side; effects 
and which, at the same tiraq-^fe t|chnically and:i 
economically feasible; concei^lil^ but^^ 
becomes evident when we realize/ tf§rt>the: very properties ^ 
which render ia chemical a«<fri^)r ^heiiaical-gep^^ 
method (as are most irra^tid^^ndA^lectro-tfe'^]^ . 
technic^es) effective foi' di^irtSc^^^ ^effective 
for partial or substitutive o^MaJoi^^ ' ' 

organic compounds. Indeed^J^re^^^^^ 
for us to inqlude, as l.Have in this ca,t< 
concern, i;^arding the potent 
.chemicaSi'^oj^idation .treatme.^&:; 
it is/ar more likely^firaS there 



we can apf)ly, conVentional disinf^retij 




tion of 
cessary 
|ch need; , 
ations of 



es by which 
oxidants to 
e;iiurc their primary functions;. 

eliminate or minimize adver^g^idq^j^^g^ sho,uld.be 
the prijn^ry thlrust of our rc|f53^c^^ this area. 
Such methodologie^'ih ^e^eVa]p m^y take the 



form of variations 
example, it may be'"]; 
as is frequent practii 
other treatments have 
the most likely precu 



cmg/of processes.'- For;' 
orinate a wastewa'terr— 
;r to disinfect ortly afte'r 
ly eliminated or redUcerf 
organic side products, in 
this regard, fundamcnta'^jese/rch must focus on defini|ig 
^hich of the comm6nc6nstituents of wastewaters are most 
'^usccg^i^ble:( to substitutiye or partial oxi^aitions ^by 
con^fitional di^jll^ants, ajn^ what the e;id products are. 
Information' of4tj|^iti|u3e» Qa form the basis for choice of 
disinfectants and^ii^fSl^cing of disinfection operations for 
specif types of Waste treatment applicaions.v » 

CqnvciR$tly, it may/ir^!^ the logical .conclusion of such 
research that— at least.^iM|^ 
of modifled tKatments alSrequired pri;or todisijbfe 
• precursor rerooval, or folipwing disinf^ctidn for fetnoval or 
deslructipn of i?otentiWlly harmful end products. ; 

Agajn, whal^^aid with respect to disinfectidn must be 
extended also to cherrtical and iffadiativve oxidation 
processes. The latter treatments can be attr'ac^yc for many 
industrial ' and municipal situations fpf which other 
treatments are ineffective pr more costly. However,, only 
detailed knowledgedf the reaction dynamics associated with 
such proQesses*can iden tify p6tential iadverse implications, 
and form the basis for implementation'bf measures to avoid 
adverse effects. Such detaikci knowledge can evolve only 
from fundamental research. • , . * 

Integrated .Bio'Ph^sidcochetnical Systems 

Truly integrated-— not simply additive— bior 
physicdchemical treatment systems irilmguc/mc, and I 



believe, constitute one of the. most challenging and 
potentially rewarding areas of research endeavor in the 
vvastewater treatment/ water reclartJation field. ^ 
Biological treatment processes ajfone cannot meel water 
' qpality requirements for most reuse- applications; indeed, 
• they are frequently incapable of- meeting higher levels of 
treatment required for discharge. Quite simply, biological 
* processes, even when designed and operated under optimum 
; conditions, can remove only biologically degradable and' 
Otherwise bactcrially-incorporable pollutants. Such 
materials are certainly important, but ju^st.as certainly do 
not constitute the only, or necessarily major, concern for 
wastewater treatment today. Physicochemical processes, 
such as adsorj)tion 'and membrane separation, can be 
designed to meet reuse and/ or stringent discharge 
requirements, but are energy and .operating cost intensive. 
These considerations, while important for municipal 
applications, are of particular significance for industrial 
, wastewater reclamation and reuse. 

Energy use and operating costs are generally proportional 
^to waste load, both in intensive orconcentrationaspects and 
in extensive or mass-lpading aspects. Current wisdom 
dictates the use:of biological and physicochemical.processes 
in series. Biological treatment, wit:}! lower energy 
requirements andi operating costs, can minimize t^e waste 
load applied to subsequent physicochemical treatiiflent(s) by 
removing that fraction of the loacl which is susceptible to- ' 
bio-oxidation. However, the use of such treatment systems 
in series entails capital cost, material requiremejj^||^nd IsNid 
area nearly double those of conventipnal^iologtcaJ 
treatment systems. ^ . 

Adsorption on activated carbon — to select one ^widely -, 
applicable example of physicochemical treatment— can by 
itself be a cost effective 'process for many reclaTpation 
applications. Carbon is particularly effective for removing 
trace amounts of halogenated organic compounds and other 
materials that have been previously indicated as of 
substantial environmental* concern. The major operating 
costs and energy utilization associated with this process 
relate to regeneration of the carbon, Essentially, the lighter . 
the a*dsorptive loading of the carbon the less frequent is the 
need for regeneration, and the lower are the costs and energy : 
requirements for a particular application. 

Recent groundwork has been laid for development and 
optimization of an integrated biological-adsorption process 
which utilizes an expanded, or partially fluidized, ,bed' of 
-granularactiyated caboji vdth a fixed-film biological*gro wth 
on the surface of the carbon (19). The process is capable of 
providing simultaneous oxidation ofi biodegradable 
contaminants and adsorption of non-biodegradable 
contaminants in a single reactor, obviating the need for dual 
treatment systems. Expected results are lower capital cost 
for a single reactor system, less frequent regeneration of the 
carbon, and reduced energy requirements and operating 
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expcfnditurcs. ^ ^' ; 

The bpologieally-extcnded adsorption concept is 
^ei^gnted here as but vonc example of an- integrated 
trealg^t scheme. The use of powdered carbon in aeration 
yliasiris ototherwise conventional activated sludge systems to 
- ifpgradcthferperformance of such systems is another simple' 
concept of an integrated treatment. Despite the relative 
simplicity oi^l^ese concepts, substantial re§earch effort must 
"^^S^^^^ '^^^ flucidatibn of process, mechanisms, 
^^^^^f'^^^^I^^ process optimization and 

sub s^S^'^^T^plfe n t of rational design and applications 



, criteria. 



Multi-purpose Inftjgrated System 
L^li^^^'^" expanded to broader 

'^ons irme^^^on control field. Again only by way of 
iiplc* a^^ent research publication describes the 
potential of combined clarification^^ of raw wastewater'and 
^incinerator stack-gas wet scrubber efnuent,,and the use of 
the "clarified effluent for the scrubbing of stack emission 

(20). . • . \ 
- • • ■ .•* '■■' ■■. 

Wet scrubbers, require huge amounts of watdV, and their 
effluents are acidic and turbid, requiring— at a minimim— 
neutralization and clarification prior to recirculation 
: :"and;or blowdown or disposal. Raw wastewaters,- on the 
Other hand, contain large amounts^ of colloidal organic 
solids which carf be removed effectivcfly by chemical 
coagulation. These wastes are also usually w^ll buffered. 
The concept of the system cited as an example here is that 
the combined treatment of raw waste and scrubber effluent 
will provide effective coagulation of the former by the fly as^i 
contained in the latter, which, concomitantly, will be also, 
removed effectively in the coagulation-sedimentation 
process. Further, the fly ash can provide some phosphate 
removal by precipitation and/ or adsorption. At the same 
time, the acidic scrubber effluent will be. at. least partially 
neutralized by the buffer cajjacity of the wastewater. Lastly, 
the clarified combined effluent can serve a's a recyclable 
supply of water for the wet scrubber system. The prganicsin' 
this stneam will provide enhanced wetting of the fly ash in the 
stack enaission. thereby irtiproving the performance of the 
latter. ^ tt. 

Initial indications of this work are that the integrated 
scheme will substantially benefit the performance of both 
the water and air pollution control systems involved, 
yielding: higher rates of clarification; higher gas phase and 
water phase removal efficiencies; savings in chemicals for 



coagulau^^ 

associated cosi^ and energy requirements; savings in on-site 
sludge treatment and disposa[ facilities; and, perhaps most 
importantly, water conservation. ' 

Even with* respect to this one example of a multiple- 
purpose integrated system there rc;main many questions that 
can be answered only by fundamental research on process 
mechanisms and variables. For example, some question 



exists;as to whether environmentally hazardous materials' 
such as heavy metals .in the stack emissions may be " 
solubilized in the wastewater effluent by organic or t» 
inorganic chelation. If s6,Tesearch'is required tod^finc what 
process modifications may be effected to eliminate or. 
minimixe • this possibility. Surely ..the potential 
environmental rewards of developing and refining suqh'a 
system warrant the fundamental research required to define 
optimum conditions for design and application. 

This is but one example of the type of multi-purpose 
integrated environmental control system' I address in this^ 
research category. I am confident that many advanced 
technologies of this type can be evolved by our iriiaginativc 
thinkers, but . only if our fundamental research properly 
addresses the development of insight to process mechanism 
and dynamics. * . • 



Secondary Resource Recovery 

\ In this last research needs area I refer to resource 
recoveries which are secondary only in the sense that 
recovery of the water resource itself must be our "primary 
concern in wastewater 'treatment. Of the five arbas of 
research need I have identified, this last one will be discussed 
in least expanse. If I had to assign priorities amongst the five 
areas, secondary resource recovery would rank last, but only 
because of its more limhed scope of application,^ its site- , 
specific characteF. This lack of universality should not, ' 
however, detract from its value in those applicatioi^s for 
which it'is appropriate. ^ . 

I include energy in the class of secondary resourc^ for 
purposes of this discu^ion, althougfi for some industrial- 
waste treatments it may constitute a primary resource. 
In fact, the greatest potential for all secondary resource 
recovery probably relates primarily to industrial waste 
treatment. In such applications stream isolation and point 
source treatment by specific processes which yield recovery 
of secondary resources are more feasible than in municipal 
wastewater treatment applications. Further, industrial wastes 
are much more likely tocontiain secondary resources' which 
have direct recovery value and are present in sufficient 
quantity to warrant recovery. r\ 

There are numerous examples of such recoverable 
resources; heavy and precious metaJls, catalysts, oils,'protein 
sources, enzymes, and dyes, to cite a few. Even energy, in the. 
form of heat content of water, can often be recovered. By 



way oflllustration, treatinent of^dye ba^hs T)>r~selected 
physicochemical processes at the elevated temperature of 
the dying.process can, often recover not only the water for 
reuse, but also the latent eijergy contained therein. Our 
research must be so structured as to identify such potential 
applications, and then develop fundamental means for 
exploitation of such opportunities to the benefit of man and 
his environment. 
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SUMMARY 

• I hay^ defined, largely by way of departure for furfher ' 
consideration, several broad kreas which I believd our 
fundamental " research must address. They are not '^11 
inclusive, nor intended to be, but rather areas which my own 
activities indicate have merit for further and continuing 
fundamental research. Others of equal or perhaps greater 
merit will be advanced by my colleagues in.this seminar. 
I have underscored Uie reality of water reuse anclresoijiice 
mservation, and the consequent need for emphasis on 
reolamation processes and advanced technologies in 
v^stewater treatment. This is not a debatable issue, but 
ither a matter of fact. In view of ahe^ costs and energy 
requirements commonly associated with Advanced 
technologies, inf their present state, I have pointed to the 
needs for, and value of, fundamental research designed to 
enKande and refine our level of sophisticat^bn^ieg^^ding the 
mechanisms and dynamics of these processes! Such research 
shodld be designed also to gain fundaimental insights which 
will foster imaginative thihking in the development of 
innovated treatment processes and systems. 

I noted earlier in this discussion that many may question^ 
from an'^ applications standpoint, the necessity ' ^f 
fundamental research on the character of cpmplex reaction 
mechanisms and jtiicrb-transport processes. Indeed, the 
need to even consider such factors is a question sometimes ' 
put to me-^ih one fornt or another — by^students endurinjg v 
the rigors of process thermodynaniics, kinetics, transport!' 
processes, and reactor dynamics; this is -excusable of 
novitiate students. More disturbing is the fact that the 
question is sometimes- addressed to me by practicing 
'engineers and others responsible for the design and 
operation of water and wastewater treatment systems. . 

The answer to the question lies in the fact "that the 
complexity of problems we now face in wa^water 



treatment, and the increased demands for higher , levels of 
treatment j^nd reclamation, demaiids a sophisticated- 
engineering approach to design of waste\yater treatment ' 
processes. There is a time-honored "joke" in the fiel4 that ' 
sewage treatment plantS have most commonly been 
designed by "dusting off the plans from the last plant.** 
Unfortunately, this has'too often been the case. However, 
forward-locking engineers recognize that more specific and 
quantitative design approaches are required. The concepts 
of process dynamics arc finally emerging as the basis for 
rational design of treiatment systems. This approach is 
evidenced most markedly in industrial waste treatment and 
reclamation,, but is being idecanted gradually to ,the 
municipal waste treatment atca. 

Only fundamental research can establish a firm basis for 
evolution of methods and procedures— and indeed thought 
processe^s — through which we can improve Jevels of 
wastewater treatment and reclamation. One might argue 
that we now have advanced technologies that can provide 
high levels of treatment. The question I then pose is whether 
we can afford brute force application of such technologies. 
The obvious answer is that we cannot. Consumable 
resources such as chemicals and energy are increasingly 
scarce and costly. Our approaches to the optimum use a'nd 
conservation, of such resources in accomplishing the 
objcctijves of wastewater treatment » must thus be 
increasingly innovative and sophisticated. Once again, 
fundamental research must provide solutions to 
fundamental needs.' 

The''cost— more approprmtely investment--t9 support 
the fundamental research required to pursue such issiiesas I 
have outlined is larg^. The upside reward of such investment 
is as.enormous as the environment rtself. The downside risk 
associated with neglect of that investment is obvious. 
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INTRODUCTION ,v . 

The need for consideration of dynamic behavior in both 
the design and operation of processes used for vJastewatet 
treatment is frequently greater than that for industrial 
processes because of the Jargj? temporal variations which 
' occur in'wast^iwater compbsitioh, concentration, and flow 
rate. However,;Our understanding of this dynamic behavior 
2rt)d how itvmay be modified through the. application of 
'modern control systems is in its infancy. Gross process 
fcilures are all too frequent, and even when these are 
jvoidedf it is not unusual to find significant variations in 
process efficiency, not only from one plant to another but 
also from day-to-day and hour-to-hour in the same plant. 
•^Dynamic mathematical models are necessary for the 
description of time-variant phenomena, , as commonly 
■encountered in wastewater treat^ient processes, and 
increasing efforts are being devoted to their development. 
The models usually consist of sets of nori-lincar differential 
equations for which analytical solutions are not available, 
and this is one of the major reasons why the dynamic 
behavior of >yastewater treatment processes has not been 
adequately considered in past years. However, computer 
lirhulatiqn has largely eliminated this bottleneck, and the' 




A brief paper such as this must pass over miich of the 
detail of currentand propose^ dynamic models and Control • 
strategies, arid' yet it is this detail in which the serious 
researcher is interestfed. For more comprehensive survey 
papers, the reader is referred to the papers of Ahdrews (1), 
Olsson (2) arid Beck (3)f A more detailed description of 
research needs may'fie found in the Proceedings (4) of a 
.'workshop, sponsored by the Environmental Protection 
^Agency in 1974, which had the objective of defining and 
establishing priorities f6r research needed in the automation 
\.of wastewater treatment sy^tenis. For a mixture of theory 
4rid practice on the dynamics and control of waste\vat0r 
ftrcatment'plants, the reader is referred to the Proceedings 
"(5,6) of two workshops sponsored by the International 
Association on Water Pollution Research, 

The objective of this: paper is to briefiy describe each 
process found ina typi^^t^^ wastewater treatment 

plant, point out thb ^'Mus^in^^^ needs ph 

dynamic ihodels anii. co^^i%^ process,and 
examine the inteVactiO processes 
and the interactia^is^pi^i^^ with other systems, ffhe 
author ^yishcs to api;^ld^?^^ in advance for refcrrixifr' 
primarily to his own work and that 'of his assoiciates. Tflfe 



rrent problem is ript sp much oneof beingableto.pbtaina\V' britfness of this paper does not pepnit othenyise^aijidnhe 
^ • ' .... . .1 J research of others is cited in the references giverjS 



jtion as it is to insure that the model adequately describes 
[^dynamic behavior of the process b^ing 'simulated . ^ 
l|en the.dynamic behavior of a plant has been defined, 
the ffiyironniental engineer^shpul^ then become interested 
in m%ifying this behavior so that it will conform to some 
desired behavior. This can be accomplished through either 
process design or the incorjjoration of control systems. In 
the past, the major research e|gms have been devoted to 
imprpvements in process design with little attention being 
paid >o process operation. Cbnsequently, mos^t control . 
systems reported onin the literature have been, of necessity, 
selected on an enipirical basis because of a lack of 
fundamental knowledge regarding dynamic behavipr or 
control strategies; . * 



MUNICIPAL WASTEWATER TREATMENT PLANT 

A -simplified flow diagram for a typical niunicipal 
wastewater treatment plant is Shown in Fig. I. JjChc major 
processes/for treatment of the wastewater (fluid processing 
train) are primary sediiiiwitation;. activated sludge, and 
chlorinatiqn. It will be nWed that the activated sludge 
process is physically composed of two units, these being the 
biological reactor and the solids-liquid, separator. The 
organic solids either removed, or generated in .the fluid 
processing train serve a$ inputs to the solids processing train 
which consists of thickening and anaerobic digestion with; 
the thickener being most appropriiitely 'thought of as 
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representing the interface between the liquid and solids ^ 
' ; processing trains. While many other processes are available 
. for both • fluid and solids processing; they will rtot be . 
discussed herein. This should not be taken to imply that 
. research on the dynamics and cbntrol of these alternate ' 
processes is not needed. The system to be discussed in this 
paper has been^restricted*to .permit some increase in detail 
,. and also to remain within the area of expertise of the author. 
'•* • The processes illustrated iti Fig.-l have a long histpry in / 
wastewater treatment, and a sizeable body 6f literature is 
ayailalnile on each*; Hb>yever, thp majority of the research 
literature on these processes is oriented toward desijgn and 
. moreover is usually based on the assumption of steady $tate'. 
' The Use of the informatipjit^.i^ for guiding * 

research on dynamic mq^ej^hg and control strategies is* , 
• consequently limited. Aif aitcrnates^ 

the work of operktions engineers who are daily faced with 
. the dynamic phenomena exhibited by these processes and . * 
" the need to.develop practical control strategies. The author 
has.fpund the advjce of these operations engiheers to be of 
V great* value both in cstabHshing .^hypb^^ and in ' 

■qualitative validation of dynamic mpdels and cohtrol * 
. ■ stra^tegies. ' ; » 

» ■ ■• " ■ ■ ' ■ • . ■ ■ 

t^rimary Sedimentation V 

:0^k^f:^jm2ir^.s^it\^T is the first process in a wastewater 

whicl> has a significant infliiehce on the 

.'^^^^^^^^ As its name implies; the \ 

t'li^i^j^tp^^funcU unit, is to remove, by gravity /. 

■^vAediHiSn^ the lareer ore^hic qnliHR- fmm\ rhp 



AHiieritatibn; the larger organic solids- from the 
Wastewater.. ; 

Development of a mcchanjis^^ for this process is 

bfeset with problems. The jblids. in wastewater are not 
discrete particles of uniform size, density, specific gravity 'or 
Shape. They also vary in surface characteristics and tend to 
flocculate as they settle' As discussed by Camp (7)/ the 
process operates close to hydraulic instabSity. The 
hydraulic regime of the settler is ^tKec^fore difficult to 
describe, since it is infhienced by inlet and outlet feeid^and : 
withdrawal patttrns and currents due to changes in 
temperature, wind,' solids concentrati6n, salinity; etc. 
Because of these characteristics, it appears to the author that ^ 
stochastic modeling techniques have much to offer in the 
development of a dynamic model for, prim'ary 
sedimentation. An entry to the literature on this type of 
n^odeling for. the process is provided by the work of 
Silveston and co-wprkcrs (8,9). 

Bryant ( fO), {xs>v[\ a review of the literature^, developeid an ' 
empirical model for the primary settler. The objective of this 
model was^ to modify the 'plant influent wastewater • 
Characteristics so that they cpulU serve as appropriate inputs 
to the activated sludg/; process. This is ^^mittedly a. crude 
mod^l..in..that,it does not cdVisider the effect of several 
important; Variables, sii^h as influenf suspended sojids 
concentration and- short^ tq^m hydraulicr transients, on the 



effliient suspended solids concentratidix and is alsb>ri*oi able ; . 
to predict the concentration of sojlids ^ih the underflow.: . 
However, it does provide appropriate attenuations knd'^ . 
phase shifts for concentrations so that the inputs to the ^ 
rolipwing process, activated sludge, are more reahstic, - J. . 

The process is usually sp designed that very little control is;*': 
possible, with the only nianipul^table variable usually beihg • ■ 
the (ihderflpwjra^te. The normal reason for manipulating t&]sv 
variable is to control the denisity of :ihe slucjge undernpw^i /' 
thus' avoiding4he.pumping of too' dilute a sludge, to the ! 
anaerobic digester It shpiild be npf^d th?^^^^^ 
cohtrol loop has been- reduced :in ihah^ placing a 

sludge , thickener between t^ prim^ri^^^^^^^^^^^ ^^he 
anaerobic . digester ' ^ ■ , /: 

The. exploration of. cpntrdFstrategiey for this p . ^ 

computer simulation is strongly- dependent' lipon .the 
. deivefopmerit of ^mor6'rea|istic rhpdcl to'consider^both the • 
deterministic and stoeHastic c'ompqncntsb of the process . 
Alsa, even if such a mOd^bccbmes available, thenumher of . 
variables whjch can be manipqlated is very limited. One of 

■ the first steps in the developmen^of a ft)ntrol strategy, as is * 

■ true for many other waste\yater ti;eatmerit processes, must, 
therefore, be a, iSearch for prpcessmodifications which will' ' v 
permit more control to be-exerted. Two mod(ficatio*ns which, 
hayc been sugge^cd* by Andrews, a/ *(^ l) are the: 
instailationvbf a nr^yeable baffle at the inlet to the settler 
which could be aiutomatkiiily portioned to offset the effects 

..of density cii.rrchts, arid incorporation of a mbveable . 
subhierged weir which could be autoniatically positioned in ^ 
;the vertical dimension so: as tp permit withdrawal 
jeie^rest posSihli^ effluent. In Ihe absence of a more 
THodel, idea^ such as these wbilld be best explored by pi 
full scale phykicial experimchtationrinstead^iejf by corn^ 
Simulation. ;^ ■ V;* o • * 

' ■ ■ ' - 

Activated Sijudge Process v. . .^ / > \ * ' v ' 

. The^ activated sluc^e process is. the heari of tlj^ fluid' v 
processing; train and consists-olF twb units, a biologicait n 
reactor and a solids-liquid separator, as illusltrated in Fig. i,i • 
The^ thr^ee .major inputs to the biological reactor are the. 
waste water from the primai^' settler, concentrated activatedi' 
sludge from' the .solids-Hiq|.uid separator, and air o^ high^ 
purity bxygen. Tfie microorganisms ih the acfivated sludge \ 
•react with the organic pollutants in the'wastewat^ and^\ 
okygfen tp produce more ^ictivated kludge, Garbpn dipxide, A 
and water. N^wcr versiphs^of the process are also capable of 
removing nitrogen and php'sphorus if this is desired/ Th^;^|^ 
effluent from the biological reactor flows to tHe solids-liquid / 
separator where. the activated sludge is separated- from the 
fluid phase. The solids-liquid separator serves three 
funcftions, these beiqg the production pf a clarified overflow- 
limited storage of sludge, and of the'sliidge 

for recycle to the biological reactor/ 

The recycle of concentrated sludge is ah essential fccUtiire 
of the process since it serve? to "both increase t: the 
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concentrati6-n" of microprganism$ in the reactor, thus 
increasing reaction rate^j, and maintain these organisms in a 
physiological condition such that they will readily flocculate 
and settle. However, recycle has also resulted in difficulties ' 
in understanding and modeling the process since it creates a 
feedback loop, thei'eby causing a strong interaction bet weefi 
the biological reactor and the separator The.two units must, 
therefore, be modeled as a system, a fact which has not been 
widely appreciated in past years. . * 

Busby and Andrews (12) have developed a model for the 
process which couples a dynamic model of the biological 
reactor with the dynamic, rndd^l of the s!^parat,or, thus 
accounting forMhe strong interactions between l:he two 
units. Otfier.key features of their model are ihV'add/tion of 
structure to the activated sludge with this beln^^ed into . 
storage, active, a^d inert majjs, and consideration 'of the 
removal of pollutants as a sequential p^ocess^^s indicated in 
Eq. 1 . These additional features provide a ratiop'gC basis for 

' . ■ ' • * ^. . ■ ■ ^ 
. Siored Active , ' Inert.^ 
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Mass 



Mass 
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the biological re 
an additional c 
distribution * oi 
separator by 
wastewater is 




(Changes in'iactivity of the sludge, permit a variable time lag 
Which is important in predicting dynamic behavior, and 
allpw the nrodel to exhibit a "rapid uptake" phenomena 
wlych. is essential for explaining the behavior of the contact * 

^; stab^zaJ|on version of the process..The biological reactor is 
also suWivided into several stages in series with provision 

* for the separate addition of wastewater to each stage. This 
feature, with those previously mentioned, provides a wide 
spectrum model which can be usdl to simulate several 

" version^ of the process including conventional, extended 
aeration, high" rate, contact stabilization, and step feed 
activated sludge. ^ T 

Although the above described model does incorporate ^ 
substantially more features than previous models, it is by no 
means complete, and considerable additional research, / 
especially pilot and field studies for'validation; is needed 
before application to full scale plants. Major modifications 
which should be explored are structuring of the influent 
pollutants into soluble and suspended fractions; an 
imprd^ed expression for predicting the concentration of.; 
solids in the overflow fro fn 'the separator, a cjuantitative * 
relationship between the settling c'ltaracteristics of\the 
Sludge and the biological process parameters, consideration 
of the effect of spatial differences other than depth in the 
separator, and incorporation of the interacftions between the 
biological, liquid and gas phases for x:losed reactors. If 
hitrogen and phosphorus are to be removed, thes^ reactions 
will also have to be incorporated into the model. Stenstrom 
(13). using the dynamic model for nitrification develp.ped by 
Poduska and Andrews (14), hasincorporatedthe conversipn 
of ammonia to nitrate into the model. 

The activated sludge process has a significant number of 
manipulatablei^variables, and a large number^of control 
strategies are, therefore; possible. Control strategies iit 1 



common use include control of the recyc^e.slTidge flow rate 
tolnaintain a constant ratio between thi<l1ow rate and that 
of the influent wastewater, control of the waste activated 
sludge^Clow rate so as tb maintain a constant ratio (sludge 
ageS between the mass of sludge in the reactor and the mass 
of sludge wasted per day, and coi]4,rol of the air flow rate to 
maintain a constant concentration of dissolved oxygen in 
i^tews4^ir^^l5) have suggested 
tegy h^^^^on* rog^ -of the 
_ bs^|^|ji.^,t4ie fea and 
ffng *the^ p^ott^(s) at which the 
ong the ienglli of the reactor. The 
basic idea' for this^trategy came from a pursual of the plant 
scale research of Torpcy (16) in New York City, *bus 
indicating the value of searching the literature for reports by 
operatipns engineers. By use cJf this strategy, Torpey was 
able to ' prevent .gross ' process- failure (discharge of 
substanUal quan^lies of sludge in the ovbrflbw from the 
separator) as well as to exert long term cpntrol over the 
settling characteristics of the sludge. ^ 

More recently ( 1976),, Andrews,^Buhr and Stenstr'6iTi( 17) 
have proposed that the specific oxygen utili!zation rate 
(SGOUR), which should be an excellent indicator of sludge 
activitiy, be used in set point control of the process. SCOUR 
is a variable which illustrates the value of having computing 
ppwer a^vailable for plant control, in that for'the oxygen 
activated sludge process it can be computed from on-line 
material balances on oxygen and sludge using only four 
readily available measurements. Another possible control 
strategy, which has been reported oh by Olsson and 
Andrews (18,19). is the use of the dissolved oxygen profile 
jalong the length pf an air activated sludge reactor for 
process' control. " :\ ' ^ 

Although the above mentioned strategies show/ 
considerable promise for improving control of the activated 
sludge process, there is much^till to be learned. The process 
is a complex biological system with several choice/ of 
variables •'Which can be measured^ conj^RutedAnd 
manipulated. Still another factor which complicates the 
picture is the large difference in time scales (minutes todays) 
over whith the strategies must be effective. / 

The ^uthor would like to again apologize for^referring 
primarly to his pwn work and that pf his associa/tes. Space 
simply does not permit-a detailed review of the^literature on- 
the dynamics and control of the activated ^lu(ige process. 
Suffice it to say that even though only a §.nlail number of 
researchers have been involved, fhey h'^veinSde significant 
contributions. • 



Chlorination 

The chlorine contact reactoris the last pi/oc^^sin the fluid 
treatment . {rain for a conventional treatment plant.. 
Although the ^primary objective of / chlorination is 
disinfection, chlorine also reacts with the organic pollutants 
and nitrogen compounds in the wasteWaiter, and these 
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reactions must be considered in the development of a model 
for the process. For example, oxidation of the organics in^*^ 
the wastewater results in^ reduction ^n the free chlie&'irie 
residual, whereas reactions with ammonia yield cHloramines 
which arc disinfectants but^j^are considerably less effective 
than free chlorine; Successful disinfection is dependent on 
maintaining some minimum residual chlorine concentration^ 
for sufficient time to achieve the required bacterial kill. 

A preliminary dynamic model of the chlorine contact 
reaction has been developed by Bryan (10). However, this 
model did not consider the complex chemical rea,(:tions of 
chl6rine with ammonia in the wastewater, ^nor was it 
designed to predict coliform concentrations upon wliTch 
many plaint effluent standards have been based. Stenstrom 
(13) has developed a model wTiich overcomes these 
deficiencies ^s well as providing a better representation of 
the hydraulic rogime of the reactor. His*1rnodel is based upon 
the reactions of chlorine with ammonia Which F\ave been 
reported by Morris and co-workers (20,21) and kinetic 
coefficients for disinfection estimated from the data of 
Buttedleld, e't al (22). The model is composed of several 
second-order partial differential equations, and since these 
were stilf equati(^s, several numerical analysis techniques 
were evaluated for simulation of the process. 

Automatic control of the chlorination process is widely 
practiced in wastewater treatment with the primary reasons 
for this being (a) the high'cost of chlorination, and (b) the 
availability of technology from the potable water treatment 
field* Three commonly used control strategies are contrbl of 
the chlorine feed rate to maintain a constant ratio between 
this rate and that of the influent wastewater, feedback 
control based on the signal from a residual chlbrkie analyzer 
at the process effluent, and compou'nd loop control 
consisting of a»cont.bination of the; two control strategies 
mentioned above. ^ 

Both Bryant (JO) and Stenstrom and Andrews (23) have 
^ reported upon advanced control strategies^ for the process 
based upon the availability of computing power for process 
control. In both of these strategies it was necessary to base 
control upon measurement of residual cjilorine; since long 
\ime" delays ^are involved in measuring coliform 
cortcentfations. It should be noted that- the models and 
controifStra^tegies of both Bryant and Stej^strom have not 
been \vklida ted, other than by literature searches, and 
should, at Ijest, be considered only semiquantitative 
(responses in the right direction and or4er of magnitude). 

Thickener , 

As illustrated in Fig. 1, the sludge thickener serves as an 
interf?ice process between the fluid and solids processing 
trains As usually stated, the purpose of the thickener is to 
: reduce the volume df sludge to be handled by the anaerobic 
• digester and to smooth out fluctuations in ffew rate and 
. concentration of sludge. "However, it also serves to infiprove 
the. performance of the primary sedimentation process and 
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the sohds-liqui'(i' separator m the activated sludge process, 
since a portion of the thickening function of these units can 
be transferrbd 'io the thickener, thus permitting them to 
concentrate more on the c^rification function. 

T^o types of thickenerS?:(.gravity.and flotation) ^re in 
common use, and the operation of either isstill very mtichan 
art, with neither dynamic models or control strategies based 
on fundamentalprinciples bethg available, although work is 
,in progress. However, rii\ich of tlie basic theory for the 
splid&rliquid separator in th^ activated sliidge process 
should be applicable to gravity thickening.' Complicating 
factors will be the need to,afi|dify the basic modeljjoaccount 
foUthe mfj|jjpment,of 'displaced ,mter upward through the 
concentrated sludge and the^reater significance of 
interparticle forces in the. compressioiv^pne. 

Despite the lack of fundamental «yna*mic models or 
control strategies, ^ considerable qualitative knowledge 
concerning what variables should , be njeasured and 
^ manipulated can be gaineA^from the literature. Included 
among these variables are the feed sludge concentration and 
sludge blanket depth for gravity thickening and depth of 
^at, air pressure, air/ solids ratio, and recycle of subnalant 
for flotation thickening. . 

An^jsrobic Digester V - 

The anaerobic digestion process is widely used for the 
treatment of organic sludges cither removed in primary 
sedimentation or generated in the aptivated sludge process. 
It has several significant advantages over other methods of 
organic solids processing, and among these ar^ the 
formation of useful by-products sucftbas methane gas and 
humus-like slurry well suited for land-reclamation. The . 
energy contained in. the gas is not only sufficient to operate 
the reactor at an elevated temperature; it is also produced in 
sufficient quantities to serve as the major source of power 
for the remainder of the treatment plant. Unfortunately, 
^en with these advantages, the process has not, in general, 
enjoyed a good reputation because of its poor^ record with 
respect to process stability. 

the present dynamic model of the process has evolved 
over the past twelve years, and this evolution can be 
followed through the publications of Andrews (24,25), 
Andrews and Graef (26), Graef and Andrews (27), and Buhr 
and Andrews'(28): The model, which is sumq^rized in Fig.^ 
2, was, developed from material balances on^olnponents in 
the biological, liquid and ga5 phases of aCFSJR. Although 
not. shown in Fig, 2, the latest modification of the modeI(28 ) 
incorporates the effects of temperature to permit simulation 
of the therniophilic version of the process. 

As indicated in Fig. 2, there are strong interactions between 
th^phases, as well as internally, within each phase. These 
interactions must bis considered if the model is to predict the 
dynanriic response of the five Variables most commonly used 
for monitoring the condition of the process with respect to 
stability. These variables are (a) volatile acids 
concentrarion, (b) alkalinity, (c) pH, (d) gas composition. 
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and (c) gas flow rate.. Relationships such as stoichiometric 
coefHcients, kinjetic expressions, equilibrium relationships, 
■^fiarge balances, and mass transfer equations are used to 
rtflect these interactions. 

; Two key features of the model are the use of an inhibition 
. function (24) in lieu of the Monod function to relate volatile 
acids concentration and specific growth rate for the methane 
bacteria, and consideration of the unionized fraction of the 
volatile acids as both the growth limiting substrate and 
inhibition agent. These are important modifications since 
they permit the model to predict process failure by organic 
overloading and reflect the relative importance of both pH 
and volatile acids conc^tration asjndicators of process 
condition. The model can also predict failure brought about 
by the introduction of toxic materials, and the latest 
modification (28) permits the evaluation of process stability 
with respect to changes in operating temperature. * 

Hybrid computer simulations have been used (27) to 
analyze process stabil^W by simulating digester overloading 
and observing wha^ chaft^es in design and -operational . 
characfericifcs T^mviaed the best buffer against process 
failure. The analysis procedure involved making a change in 
a dige^^c^ parameter, such a. residence lime, followed by 
s?nU)\;iUn;r^ lar^r afPdi larger step' increases in digester 
loading lintil failure occurred. By plotting the focus of 
points /y criti^a'^sDrganic loading rate vs. reactor residience 
tiffic OY oiktT parameter, it was possible to. obtain a 
semiq\iar7ji^2tv>e measuT^ of digester stability, 
^ Si'jyiulation s:xud?^shavej>rt?vidcd quahtativeevidencefor 
the validity of the modtf'By prCftlictiOg results similar to 
those commoply observed in the field. H»>wever, in using 
xthis model it must be remembered that it 'vas develoj)ed with 
the objective of predicting (and indicating tecl^niques for 
preventing) gross process failure. It is not adequate for the 
prediction of process performance as measured by the 
destruction of organic solids or the dewatering 
characteristics of the residual sludge, both of w^w ^lhiaj c 
important in digester operation. Prediction ofv'the 
destruction of organic solids will require expansion of^e 
model to consijjer the conversion of organic solids tO- 
methane and carbon dioxide as a series reaction with 
intermediates. An espefcially interesting intermediate maybe 
hydrogen since the recent microbiological literature (29,30) 
implicates hydrogen as a niajor "intermediate in the 
production of methane. Prediction of the sludge dewatering 
cha.racteristics w^fll most likely have to be accomplished 
through empirical relationships. 

In selecting a control strat^.for the anaerobic digester, a ' 
wide variety of output yariables, and combinations thereof, 
are available for initiation of the control action. Similarily, . 
a wide variety of control actions are available. Graef and 
Andrews (27) have shown that the type of control strategy to 
• be utilized , is dependent upon the type of overloading to . 
which the digester has Jjeen subjected. Obviovsly, the' 
availability of suitable sensors must also be considered in 



WAST^ATER TREATMENT 

selecting a suitable Strategy. ' / 

A ne^ontrol strategy proposed by Graef and Aridrews is 
the scrubbing of carbon dioxide from the digester gas with 
subsequent recycle. This is especially attractive since the 
most common t^^niquc for digester mixing is gas * 
recirculation. This would provide process control through 
the removal of a weak acid, carbonic, instead of by the 
addition of a base as is the usual practice, and should be 
effective in preventing failure by organic overloading.. 
Another proposed x:ontrol strategy was the recycle of 
concentrated sludge from a secojid stage digester using the 
rate of methane production, a calculated variable, as the 
control signal. This strategy should: be effective in 
preventing failure due -to an overload of toxic materials. 
Although the control action proposed is not new, having 
first been suggested by Buswell (31) in 1939, the proposed 
control signal, rate of methane production, is new. The rate 
of methane production has the advantage of being easily 
calculatied from common gas.phase measurements^flo^ rate 
and composition) and should serve as an excellent indicator 
of the activity of the rjiethane bacteria which are the most 
sensitive organisms in the digester. An analogue can be 
drawn here between the use of methane production rate as 
an activity indicator in the anaerobic digestion process and 
oxygen utilization rate as a measure of miorobial activity in 
the activated sludge process. 

PROCESS INTERACTIONS f 

The author 'and co-workers (10,12,32) have been 
attempting for the past nine years to put the individual 
process models together'into an overall plant modelTor the 
exploration of process interactions. However, this task has 
not been fully completed since each study of the plant as a 
system has indicated a lack of fundamental knowledge of the 
dynamic behavior of one or more critical processes. In 
Bryant's study (10), it rapidly became obvious that an 
understanding of the dynamic behavior of the solids-liquid 
separator was crucial to an understanding of the dynamic 
behavior of the activated sludge process, and most of 
Bryant's attention was, therefore, focused on the 
development of a dynamic model for the separator. 
However, Bryant /did .link together models for three 
processes in the fluid processing train. He also developed a 
dynamic moddl for the hydraulics of this train to permit the 
prediction- of flow rate response to hydraulic forcings. 

Busby (32) was the next to attempt the development of an 
overall plant model but stop'ped farshortof this. However, 
he . did develop a /substantially improved model for the 
biological reactor iri the activated sludge process and used • 
this, in conjunction with Bryant's model of the solids-liquid 
separator, to Explore the d5j;ian^c interactions between 
these two units and to simulate control strategies for the 
process as a whole. As previoi^sly mentioned, these are 
strong interactions which necessitate the consideration of 
the two units as a system. j 
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Stcnstrom (13) has pcrfori^cd the Sjcj^t study on the 
integration of the individual process mq^els iato an overall 
plant r*odel and has succeeded in inGoT|^*Ung all of the 
processes shown in Fig. 1 . However, it was nec6ssary for him 
to'-^pend a sub||aruial' amount of time ii*^ developing a 
dynamic model %ikfit, chlorine contact reactor as well as 
• making substantiaU;improvements in the acti^ted sludge 
process model and 'cxpIibTin^^ the use oJ* SCOUR for the 
control of this process. Corisequently; hil models for the 
sludge thickener and^ anaerobic .digester are simplified 
models J)ased primarily on empirical ^^cady %Jte 
relationships. However, since :;,these processes have 
substantially slower time responsel'thanthe fluid processing 
units, the use of these'steady state relationships should not 
be a serious handicap in the uie of the model for exploration 
of interactions^ between^the twj treaifnent trains. 

The key interaction studied by Stenstrom (13) is AAe 
forward interaction (sludgl' feed iothfe digester) between^e 
a^ivated sludgy proq^ss and the anaerobij^digester. This 
interactio/i has a substantial infkience olfAthe external 
energy requiren^ts for the entire plant and is, therefore, of 
S|jbstantial importance in these days of e|;vcrgy shortages. It 
is possihl^to operate many plants so that a large portion of 
thfc organic solids generated in the activated sludge process 
are^.eith* ae^bicaHy(< oxidized in this process or 
anaerobically oxidized in the anaerobic digestion process. 
Aerobic oxidation requires energy (air supply), whereas 
anaerobic ^oxidation produces energy (methane gas). 
Consequently, too much oxidation in the activated sludge' 
•process represents a double loss of energy since more energy 
is required for the activated sludge process and less is' 
produced by the anaerobic digester. • 

Another interaction of importance is the feedback of 
digester supernatant to the activated sludge process. Since 
digester supernatant contains high concentrations of 
organics and ammonia, it can create problems when it is 
transferred from the solids to the fluid processing train. 
However, this interaction can sometimes be used to 
advantages as has been demonstrated by Kraus (33)/an 
operating engineer who was faced with the problem of ; 
operating a plant whiph was subjected to seasonarioads of 
wastes containing high concentrations of carbohydrates. 
Kraus modified his plant so that he could.acid digester 
supernatant to a reactor in which recycled sludge was 
reaerated pr^or lo being returned to the biological realtor. 
The ammonia was converted to nitrate in this addiiipoal 
reactor. The nitrate then served bothasan^dditional source 
of nitrogen for the high carbohydrate waste and as a 
supplement to the oxygen supply (by serving as an alternate 
hydrogen acceptor in front portion of the biological 
reactor). * 

PLANT INTERACTIONS WITH OTHER SYSTEMS 

Although the wastewater collection system, the receiving 
body of water for discharge of the treated wastewater, and 
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the rec«ivj^ system for ultimate disposal of the residual 
solids are outside the boundaries of the system under 
co^isideration herein, they must obviously be taken into 
account since they represent, the inputs and outputs for . the 
plant, are essential for the establishment of a plant objective 

, function, and modify both the dynamic behavior of the 
plant and type of control strategy to be employed. 
• In th; long tcrni., dynamic models of treatment pBints 
should be coupled with dynamic models of the wastewaters 
collection system, receiving bodies of * water,, arid the 

' receiving systeiji for the residual solids. A , substantial 
amount of research has been conducted on dynamic models 
of the receiving waters and an excellent introductioVi to this 
subje^ is provided by the book of Thoma« (34). Research ' 
on the dynamics of wastewater collection systems is more 
recent, with an example being the report by Beck (35). . 
Dynamic models .are not available for the ultimate, 
disposal of residual solids, perhaps because these have much 
longer time constants than the other systems discussed arid 
their dynamic nature has not been as well recognized. 

Modification of the itiputs to the plant from ^the 
wastewater collection system may be obtained by control of 
the collection systems, as exemplified by the work of 
Anderson (36) on the Minneapolis-St. Paul system, or the 
use of equilization tanks on plant inputs as given in the 
papers of Andrews, Buhr, and Stenstrom (J 7) and Di Toro 

(37) . Studies on the nfodification of plant inputs have been 
primarily concerned with maintaining input wastewater 
flow rat^s and compositions as constant as possible. This ' 
m^y be the correct approach; however, it is based on the 
unproyen assumption that steady inputs vyould be best for 
maximizing plant performance. On the other hand, there are 
chemical processes, as illustrated in the review by Bailey ^ 

(38) , for which periodic inputs are best for maximizingfP 
performance. For \ wastewater treament plants the 
possibility, therefore, exists that the;e may be some 
optimum waveform and frequency for. the plant inputs 
which is not necessarily a steady input. 

The possibility aj^so exists for control pfthe plant so that it * 
operates at a varTable efficiency in order to match the 
assimilative capacity of the receiving body of water whiph 
usually varies with time. An example of this type of 
interaction would be that given by Shieh (39), who 
simulated the effects on thdf^ipper Delaware Estaury of 
discharging wastewater ori the seaward movement of the 
fide and storing the wastewater during landward movement. 

SUMMARY \ _ ■ . : ^ 

There is a need for more consideration of dynamic 
behavior 'in both the design and operation^ of wastewater 
treatment plants... A better understanding of dyiiamic ^ 
behavior and the ^plication of modern control systems ' 
offers many potentiaK benefits. Inqluded among these are 
improved performance, reduction in size' and therefore 
construction costs of nfew^plants, improved reliability, more 
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efficient use of operating persom^l, and lower operati^ 

costs/ However, these benefits are^ still clejirly "potential'^, 

since the application of dyna,ipic modeling and control to ^ 

wastewater treatment plants i§i in its infancy. 

Specific research needs f^or the individual processes iai 

typical wastewater treatment plant have l^een presented in 

This' paper. M^ny other processes are used in wastewater 

treiatment, and there are obviously si^lar research needs for 

thes^ processes. A Ipgical progres^9|lkd£^esearch on' the. 

dynamics and control of waste w^ 

follows: 




pt pl^iU.s is as 



Dynamic mathemati^l models s' 
for the individual processes. Bot^ 
arid stochastic approaches should be^ 
deterministic and stochastic com 
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Mentation will all be needed for the development 
^d cpritinuei impro>)i^ment of individual process 
models. .; 

tentative control strategies should be explored using 
pamic modfeJfs-^Vid .co^hputers^jife^^^ The more 
of these \contr6l stra|ci^.e1g^^should then 
Scd at pii^.and/or jull sciale, ^4aximum use 
^-/^lade of the newer tools of ^thc control 
as on-line state/ garairneter estimation, 

ces^ models^ahd control strategies 
^^if^a an 6verall^plfnt model arid ^ 
^^rthcv interactions between the » 
^s$es^^^ir^e^^ talcifen intb account, a 
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DISCUSSION 



C.P.I.. Grady (Purdue University) for Dr. Perry McCarty 

^ . ' ) 

Please coiQment on where basic microbiological research 
leaves off and where our more applied microbiology begins. 
Where db we have to pick.up the gauntlet? 

Stanley Klemetson (Colorado State University) for Dr. 
WJ.W^ber,Jr. * 

During our visit to the Stander Wastewater Reclamation 
Plant in South Africa, we saw applications of v/ater reuse. 
What research do you see necessary io transfer some oCthis ' 
knowledge in South Africa and other parts of the world to 
encourage large scale application of water reuse in: this 
country? 

Weber's Repl^ 

The Stander Wastewater Reclamation Plant i&exemplary 
of recent, progress in the applicatibn of advanced technology 
to wastewater 'reclamation and reuse. The success of this 
project is'due in one measure to the urgency of water supply 
problems hi South Africa, and in another to theacunien of 
those involved in developing and demonstrating 
reclamation and reuse as a viable water resource alternative. 
: You ask what research is necessary to encourage large 
scale- application of ' reuse. The research needs I have 
discussed relative to continued refinement bf those factors, 
which' ultimately ensure and advance the technical 
' feasibility, rational design, and cost effectiveness of 
reclamation technology. In so far as research accomplishes 
these objectives, it will ultimately encourage public 
acceptance of water reuse. . " . 

Tq turn a common phrase, necessity is the mother not 
only of invention b^ut of application as well. For large scale 
application of any technc^ogy there must be a recognized, 
need which it add resses^, and a public confidence in its ability 
to resolve, tha^ need. Necessity in the present context 
inyolves identification .of manifest or potential problems 
associated .with water supply, ^increasing pollulten, and/ or 
unplanned reuse ip a particular area, and recognition of 
reclamation a^ purposeful*reuseasa,potcntiallyattrattive<, 
water i^anagement strategy. "i^ , 

App^cation of Wfater reclamation and reuse demands as 
much^ way of public education and sqlcial acceptance as it 
do^ ^ilil^ ay of basic research and techndlpgy. South Africa 
has iPpitently been successful in both regards. 



E.H. Ted Curtis (U!S. Department of the Interior) for Dr. 
W.J. Weber, Jr. , : 

Walt Weber indicated we were responsible for 
Technology Transfer— if 1/3 of the W.W.T. plants aren't 
working properly/ perhaps we have dropped the ball on 
Technology Transfer, and we ought to be spending our time 
there. 



Weber's Reply: v 

I have no basis to confirm or repudiate the fraction you 
indicate for plants that are not functioning properly, Ted. 
, -'On the basis of personal observations, I concur that there 
arje many which do not meet performance specifications 
^nd/or treatment criteria. a 

This . relates in some instances tb inadequate design 
. and/ or construction, in .others to improper operation . 
and/ or maintenance, and in yet others ta changing .jvaste 
tload chai'acteVistipsi,.and/ or.treatment requirements: There 
are thusseveralJevds of both technology and .personnel at 
. which more' effective transfer of information must take 
■ place. . * ■ . 

^f by suggesting that — "we ought to be spending our time 
there"— you mean in technology transfer rather than basic 
research, I say no; major efforts in both areas are required 
for successful development and iniplementation of oieasures 
fpr envirdnmental protectton. Researchers" and educators 
have neither the philosophical charter hor physical capacity 
to assume responsibility for effective techni^jgy -transfer iat 
ial) levels. Nonetheless, we do have defii^t^^obligations in 
this regard. /ip,^' 

It is incumbent upon the researcher i[@\make available his 
essential findings, ^nd^to address, as far as jppssible, their 
applications conteiif. I underscore the word essential, for we 
are all aware that Ihe literature can become cjlittered - and 
the reader discouraged or misled - by fragmented and/ or 
trivial publications; researchers have responsibilities as both 
authors and peer reviewers in this regard. 

The educator, be he active resei^'rcher or not, is 
resp^sible for integrating research developments into his 
teaching.. A larger responsibility §f thexducator is to imbue 
his students with an opej^Ks to innovation, a sense of -and 
ability for - critical evamtion, ^d a sound scientific basis 
upon which, to evaluate and incorporate new developmerHs 
in design and operation applications. 
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David H. Howells(North Carolina Stale UniveMy) for Dr 
W.J. Weber, Jr.: . 

» ' . ' ' ' 

• We might all .agree with your remark that "Only 
fundamental research can establish a firm basis for. the 
. evolutian of methods and procedures through which we can 
improve levels of wastewater treatment and reclamation." 
There are many research needs associated with improving 
unit processes. This work can be costly with long delays in, 
or marginal payoff. From the standpoint of the funding 
agencies and their need tosupport ap,propriation requests, it 
seems to. me that we must sort out these needs in\he sense W 
priorities w;hich will have the highest payoff. Can we develop 
. adequate criteria, to set such priorities? - 

Weber's Reply; 

^ , You pose a difficult question, David. I am tempted to 
'answer, in the infinite wisdom of Caterpillar Tractor 

Company's popular advertisement, that "there are no simple 

solutions, only intelligent choices." 

Each fumiing agency, has a chartered set of missions. 



/ WASTEVVATER TREATMEigT 

■ ■ . i^' ? , •. . .. 

» presumably rank-ordered according to the functions and 
responsibilities of the agency; these, necessarily define 
priorities in the broadest sense. Beyond this, refined 
prioritization of reseaxch needs might best begin with 
critical examina:{ii|i'^^>:{^^^^ 

Qualitatively, . payoff rn the present context meaps 
solution of a technical problem. Quantification of payoff is 

» quite another matter; this indeed is the crux bf the qu^stibn 
you ask. To develop appropriate criteria atfagency-must: 1) 
weight the problems associated with its ijlission(s); 2) define 
alternative solutions and the respective degrees to whi^h 
they address the problems; 3) evaluate the- potential or 
likelihood of each alternative for. success; and., 4) evaluate 
the sensitivityt)feach problem so-lutidn to ihe research effort ' 
required to effect it. This creates a complex evaluation 

, matrix, for which 'Some ]:haracteristiQ values may be 
indeterminate. ^ " . 

Clearly there are no simple answers to your questign; jiisi 
as clear, however, is the fact that those making decisions on ' 

' research priorities should be as technically competent and 
aware as those doing the research. 
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INTRODUCTION ^ / 

The relation between treatment plant effluents and the 
quality of natural watcf systems, by definition, covers a 1 
large number of factors in both the engineering and natural 
scieneesr-This evaluation of research needs concerning thij, 
relatidTnship is based primarily on foiir consideratioHs: 



The nature and characteristics of the generic types of 
. natural water systems. 

2. ;Heterogerieotus kinetic systems and air-bed boundary 
" conditions within natural watier bodies. 

3. Those constitutents which, are gaturally part^of the 
: 5iogeochemical cycles by contrast to those synthetic 

substan.ce^ which are incorporated in, but" are not 
natural cornponents of, these cycles. 
The ijiputs, originating from man's activity as well as 
natural processes. 



4. 



Each of these factors are considered in the following, 
• sedtions, which include a. brief observation concerning the 
present state of the art, ^n analysis of the adequacies and an 
appropriate recommendation. 

TY^ES OF NATURAL WATER SYSTEMS 
' it has been convenient to categorize natural water systems 
^ on a geophysical-hydrodynamic basis! fresh water streams 
. and lakes and saline estauries and ne^r shore oceans. Within 
each of these systems, specific watei'^ality constituent^ 
have been studied and analyzied. Nojtable progress^ 
particularly in the field of engineering, has been made over 
the past few decades in quantifying the spatial distribution, 
usually under steady-state conditions^ of plant effluents in 
; these water bodies— a quantification which in many cases 
led to rational water quality management. This type of 
categorization is typical of the science arid technology of our 
wcstcrn^culturc, and it served us well in the formative stages 
of uijderstanding the phenomena of the earth sciences and 
its engineering application in planning and managdment.,^ 



That jmodel, although still useful in many ways, is 
becoming progressively more antiquated — we should not 
look to the interrelationship and iriteractripns bi^tw^^^ these 
systems— i.e,, the transition between th^ non-saline river 
and the saline estaury on their respective interactions with a 
lake and the near 'shore ticean: In each of tliese transitional ; 
geophysical zones, significant reactions bcciir which affect • 
physical, chemical and biological forms, which are 
transported through them.. In many instances, these 
reactions ^re unique to that zone and are evident neither ins 
. the upstream and downstream bodies"t>f water. 

hetIerogeneous kinetic systems and 
boundary conditions 

As the.water bodies were viewed in a discrete independent 
fashion, so, too, the constituents. Again, in many cases, this 
viewpoint was quite justified. Within the framework 
described above, notable advances were made from both the 
scientific and engineering viewpoints. Both fundamental 
understanding was developed and rational planning was 
effected — notably with respect to such water quality 
parameters as bacteria, dissolved and suspended solids, 
dissolved oxygen and eutrophication. However, present arid 
future^ter quality problems ^re indicating the necessity of 
analyses, which interrelate the dissolved, colloidal and 
suspended cornpqfnents affecting a particular constituent — 
e.g., the advances made in sediment transport in both rivers 
and estuaries ntay ha ve*$ignificant bearing on other water 
quality items ^such as bacteria, dissoWed oxygen and 
nutrients. While certain substances are particularly affected 
by^bad conditions, others are more influenced by conditions 
existing at the air-water interface— e.g., accumulation at 
I such interfaces and^he transfer through the gas and liquid, 
phases^'of thes? interfaces. 

NATURAL VERSUS SYNTHETIC CONSfTITUENTS 

Advances made in the areas described above, related 
primarily to those constitiients, which are ; normal 
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components of the biogeochemical cycles. Relatively little 
of comparable value Has been accomplished with respect to 
.those constituents, which are characteristic of man's 
techhologica! society. These substances, which are generally 
end products of industrial synthesis or breakdown— e.g., 
heavy metals, and synthetic brganics, are npt part of natural 
cycles'. A fundamental^ understanding of the riiodes of. 
■trarisjjort, accumulation a^'d transfer of these materials 
through food chains and biogeochemical cycles in natural 
water systems is of prime importance. 

INPLTS-POINT-DISTRIBLTED AND STEADY 
STATE-TIME VARIABLE 

J he aHaiysis and quantification of lime-variable inputs 
such as urban runoff/ agricultural disch!irges. and natural 
drainage from areas essbntially unaffected by man, have 
generally been classified as non-point or distributed sources, 
and their impact in maYiy areas is greater than tha^ of the 
■ ivcatdd effluents. Therefore, before proceeding to a further 
. development of <he analysis of treatment: effluents, much 
more attention„ should be given to4fie non-point effects. 
Ostensibly, thisissuewasiobeaddressed in the2D8 planning ^ 
under EPA auspices, but it is not premature to rept>rt that in 
the* majority of cases it ha^^been inadequately analyzed. 
Neither the proper data base nor an adequate theoretical 
structure exists to properly account for the impact of these 
injTuts. Ancillary to tlris point is the effect which'treatment 
• has on^the. rates of dqfgradabrlity of the constituents in the- 
effluents. " . ■■}, . . • 

* Increasing-levels of treatment frequently yield.ma^erials 
which are more stable and less reactive. In a comparable 
manner, changes in land use, may bring o-utchartgfe^ in the 
nature of inputs from ih'ese areas. .Understanding of the 
changes and the impacton the quality of natural sysfemsare 
of great importance, both theoretically ^nd practically. The 
fields of science and engineering which deal'with theeffect of ' 
man's and nature's inputs on , water quaHty are ^highly 
segmented— both' academically and professionally— 
limnology, oceanography, meteorology and soil sciences 



and environmental, chemical and hydraulfc engineering. 
The formerare further divided into the biological, chemical 
and physical comfpmients( most significant is the absence of 
potomology— the stu^ of fresh water streams and' rivers). 
What is needed is a cobrdihated study and research plan of 
the interrelationships between and among these disciplines. 
Certain schools of environmental engiheefing-and earth^ 
sciences are presently making some progress in^ this 
directign. More sigriificant is the lack of applied science or 
^ engineering analysis in th;^. regard, comparable with the 
previous work environmerttalf sanitary) engineers did in the 
past years. The mosf^laring gap is th^application of 
fundam^ta^l and earth sciences to practical water quality 
management problems.(th(l NSF RANN^rogram was one 
stpp in the direction of correcting this.con(fition):'In spite of 
the perhaps vague generality of ;this. observation, it may 
serve as a guideline for the type of research whiph the NSF 
should sup|)ort. One of the primV prerequisites for such a 
prcjgram Is the parlicipation of hig'hly qompetent scientists ^ 
and engineers, who have 'a Tecognized specialized area of 
cpmpet^epce^and:^in.additic5h, are willing and able to relate 
that competence withirfaibrpadeSjr' framework (a goal which 
was sought in the NSR R.ANN jDrogram, byt waFsTrequehtly 
lackinjg in the variotis projects).'-; o 

GENERAL CONCLUSION AND f 
RECOMMENDATION 

In* addition to the scientific-technolcigical factors 
' describjd a>ove,*these recpmmertciatiohs are also based on a '} 
coifsidfcr^tion of those research ^rfe'as which ha vcftiot formed 
a significant part, of prograni^^of s.uch agencies a^ EPA, 
USGS arid NO AA, and which properly are. part of a NSF'' 
program. The ppmary c|^ra1fccristic of'siich a program, to 
reiterate and conclude,'is that it riot. only be fundamental .. 
and scientific^ but equally important;that it bridges the gap 
/between 'theory and pfactice.' jhe 'application o^ such 
research programs plays' aa..^lreniely . practical and', 
.significant role in thp assessment and protection of our- 
aquatic environment. ; i 



. FUNDAMENTAL RESEARCH NEEDS ' ' * - INTE^RACl^^^^S.WITH 

; • \ ; piSGUSSIOfvj; - ' ^^ . .;; V . 

. " ' ■■.■.*,.-*■'*• . ; 

Roy O.' Ball (University of Tennessee): 

'.' As a revievver for the Journal of the Water Pollution 
^ Control.Federation, 1 epdprse ancf.applaud Dn O'Connor's 

suggestion to publish less and review The" work of others 

more carefully. Dr. Rbhlich and other speakers presented 

similar tl1ought?s which represent, in my opinion, a major 
t theme of this conference, 

O'Connor'^ Reply: • 

1* strongly* endorse Dr. .Ball's suggestion - about may be important in describing the water quality of streams 

publications; 1 spofee about this topic extemporaneously at and estuaries, particularly with respect to^he&fvy ttietals and 

, the meetings but 1 did not include any formal writeup in my . strodg chemicals which may be absorbed through them. 1 . 

manuscript. My present comment . is simp;)fe a strong alluded .to^this point iti item 2 of my.talk.and recommend 

■ endorsement of this point if the committee agrees. ' » - further "research jn this area. . / 




Donald B. Aulenbach (l^enhselaer Polytechnic Institute) 
fot DA Donald J.^O'Connor: 

Have you also considered the needs for research In bed " 
load?Some rese^chers(not Ofeelthatevaluationofthebed 
load can be used to describe the quality of the stream. • 

0'Connor)5 Reply: 4. y^-' 

In response to Dr. Aulenbach's reference to research 
needs in the bed load, 1 belieye the evaluation of bed load 
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FUNDAMENTAL RESEARCH NEEDS 
FOR WASTEWATER SLUDGE MANAX3EMENT 



. Richard I. Dick 
Joseph P. Ripley Professor of Engineering 
Department of Environmental Engineering, CorneirUniversity 
Ithaca, New York 14853 




INTRODUCTION . " 

Current annual expenditures in the United States for 
* management of residues produced by municipal wastewater^ 
treatment alone arc approxiniately^SSOO million and may^. 
soon be expected ta increase to nearly $1 billion*(l). 
Numerous factory contribute to the intensification of sludge 
management problems: requirements for higher degrees of 
wastewater treatment result . in increased residue 
prodijtion; advanced wastewater treatment practices tend 
to pr^ucfe sludges with properties which make sludge 
treatment and convenient reclamation or disposal difficult; 
industrial wastewater pretreatment requirements will result 
in production of massive quantitites of sludges laden with 
^potentially toxic materials; changes in energy costs have 
invalidated maay concepts of sludge management which- 
were developed from experience over the years; and 
adoption of more rigorous standards of environmental 
quality require changes in some former sludge disposal 
practices. 

These factors require reexamination of past practices for 
management of residues from wastewater treatment. Yet, 
timely response to the challenges m managing sludges in a 
manner which is efficient in terms of cost, energy, and 
resources, and consistent with environmental quality 
requirements is precluded by the lack of understanding* of 
fundamental factors influencing sludge quality, the . 
• performance of sludge treatment processes, and the 
behavior and significance of sludge constituents in the 
environment. In addition to the inefficient allocation of 
resources, energy, and fvmds and the environmental 
degradation which may result from response to current 
sludge management challenges in an era of uncertainty, an 
incalculable waste- of limited professional resources has also 

*Based on an estimate by Bastian (1976) of 5 million tons per year of 
waste sludge on adry solids basis in 1976 and 9 million tons per year wKbn 
secondary treatment is practiced by all municipal facilities. An average cost 
of $99 per ton of dry solids were used as given by the average estimated cost 
of 46 sludge management options considered in recent engineering reports 



occurred in recent years as leaders in! water pollution control 
have attehipted to grapple with definitions of arcceptable 
sludge management practices. [The four year debate 
preceding publication of 24-page draft of a "Technical 
I Bulletin" on sludge management by the U.S Environmental 
^tjProtection Agenty (2) provides a timely-illustration.] 
^'^^ in many areas of water pollution control, present 
toces in sludge management primarily were developed 
enipincally by practitioners. Subsequent elaboration of 
\ fundamental factors involved in sludge management has not 
* generally proceeded to the extent that basic research has 
been' carried out concerning* the wastewater treatment 
processes which generate the sludge. The reasons for this are 
.unclear but likely include the fac^s that sludge management 
caused fewer problems in the past era of minimal public 
«crutiny and that \thc subject of sludge has not titilated the 
imagination of researchers. Because of this historic neglect 
;of the^need for basic researcji concerning the properties, 
treatability, and environmental effects of sludges, the 
fundamental 'foundation required to effectively solve 
contemporary problems in sludge management does not 
exist. Certainly, legislative mandates will Require progress 
toward effective wastewater management in the absence of 
desired basic information on sludges. However, sludge, 
management problems will not disappear with jthe 
achievement of national goals for water pollution control. 
' Long-term advances in basic understanding of sludges and 
their management will reap appreciable future rewards. 

The discussion of basic research needs in support of 
improved capabilities for_ managing , sludges is oriented 
toward sludges produced in municipal wastewater 
treatment. Mahy of the results of the. proposed researcK 
would also be applicable to industrial wastewater treatment 

for II major cities (New York City. Washington. D.C., Washington 
• Surburban. Corpus* Christi. Boston. Knoxville. Southern California 
' Regional. East Bay MUD, Denver. Sacramento, and Xampa). with prices 

adjusted to November 1977 using the Engineering News Record 

Construction Cost Index. 
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sludges, sludges from industrial and municipal water 
treatment, and sludjges produced" in the course of air 
pollution control. However, basic research needs which are 
unique to these other sludges have not, in general, been 
considered. ^Additionally, basic research needs related 
specifipally to other residues such as dredging materials, 
solid wastes, and brines are not'included. 



BASIC PROPERTIES OF SLUDGES 

The basic jDhysical, chemical, and biological properties of 
sludges are complex and poorly understood. The fact that so 
little is known about the fundaniental properties of sludges 
the better part of a century after sludges began to be 
commonplace materials testifies to the complexity of the 
material. Knowledge of basic properties of sludges could 
lead to improved capabilities for control of those properties, . 
more effectivc"and economical treatment of sludges, greater 
realizatibn of reclamation possibilities, and reduction of the 
environment^aLimpact associated with sludge disposal. 

Physical Properties 

l\\ some biological sludges, 'the^olid phase is capable of 
defying the downward force of gravity when it exists at a 
weight concentration of less than one percent. This is an 
extreme ' illustration of, th|L probfems encountered in 

^ attempting to remove w^t&Mrom all types of sludges by 
tecbiliques such as thickening aijd dewatering: Ghances for 
sigjiiiricant advance in capabilities for thickening and 
dewateriqg sludges would be appreciably enhanced by an 
understanding of the^ ba^ic physical characteristics of 

.sludges and of the physical, chemical, and biological 
conditions which establish those characteristics. 

Investigation of the basip fofces (e.g., chemical bonds, 
capillary attraction, etc.) which hole! water in sludges and 
identification of ^esfactors which determine the relative 
"significance of such fe+ces are illustrations of basic research 
needs concerning physical properties of rfWges. Such 
research would be closely related to other^ira^ortant studies 
of the surface properties of .sofio^^af^ludges and the 
variables in wastewater and sludge treatment processes 
which^fluence those surface characteristics. 

Other ess^tial fundamental studies concern the physic4l 
properties of s.sludges ma?iifested as a result of the basic 
forces between particles and between particles and fluids 
considered in the previous, paragraph. Rheological 
properties (like plastic viscosity) of the combined liquid and 
solid phases; pfroperties (like permeability) related to flow of 
the liquid phase through the solid phase; and properties(like 
compressibility) relatea to the structural characteristics of 
the solid phase are scvne^of the principal physical properties 
of sludges wJych control their perform'ance in piping- 
pumping systems and in many processes for sludge 
treatment. Factors which operate in control of these 
important physical properties require elaboration. 
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Knowledge of the influence of wastewater treatment 
processes, shear history, conditionin]g, stabilization, and 
other variables influencing the proj)erties could lead to 
significant improvement in capability for controlling sludge 
quality and" for tailoring the design of sludge treatnient 
facilities to the characteristics of particular sludges. 

Chemical Properties 

Some of the fundamental research needs concerning the 
chemical properties of sludges relate to the physical studies 
described previously in that they involve development of an 
understanding of the forces between solids in sludges and of 
forces between the liquid and solid phases. Elaboration of 
surface properties of sludges and of the resulting nature of 
the flocculantiorganization of sludge solid^could ultimately 
lead to an^ ability to control the physical properties of 
sludgcu through control of wastewater and sludge treatment 
processes. 

Chemical characterization of sludges is also needed to 
develop an understanding of the forms in which chemical 
constituents of concern in environmental quality control 
exist. K nowledge of the partitioning of va rious heia vy metals 
. between insoluble organic complexes, chemical precipitates, 
exchanged ions, aqueous solution, and other forms is, for 
example, necessary. Recalcitrant organic compounds are 
exa'mples of other chemicals for which' better 
characterization is needed. Many additional research needs 
concerning chemical properties are suggested by discussions 
in later sections. 

Biological Properties 

Research needs concerning biological characteristics of 
sludges relate to biodegradability; the influence of biological 
transformations on the physical and chemical properties of 
sludges; and the presence of agents of infectious diseases. 
More complete evaluation of the prevalence of viruses, 
^ bacteria, protozoans, and helminths in waste sludges and 
exploration of factors influencingtheir survival is necessary. 
Additional research needs concerning biological properties 
are considered in sections which follow. 

CONTROL OF SLUDGE QUANTITY AND QUALITY 

Current.problems in sludge management can be related to 
specific physical, chemical, and biological propertifes* of 
sludges. Appreciable reduction in environmental impact, 
improvement of process performance and/ or reduction in 
the cost of sludge management would be rendered possible 
by control .of sludge quality. Opportunities for such control 
include life style alteration, industrial source control and 
pretreatment, and the selection, design and operation of 
wastewater and sludge treatment facilities. 

Basic research needs in the* area of sludge quality and 
quantity control range from studies of the effect of various 
types of consumer produces on sludge Equality and 
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attitudinal studies related to public acceptability of 
alternative products to detailed studies of the influence of 
specific sludge treatment t>rocesses on sludge quality. 
Studies on Wastewater source control and prctreartment for 
purposes oft:ontrol of sludge quality and quantity would be 
similar to studies oriented toward alleviation of t)roblems 
attributable to industrial wastes in wastewater treatment 
processes, but would emphasize basic changes in production 
practices, raw material selection, and industrial wastewater 
pretrcatment procedures which, could reduce, sludge 
quantity, and/ or improve sludge quality. In addition to 
control of sludge quality, such research should address 
energy and other resources donservation. 

For given source control and industrial pretreatment 
practices, the quantity and quality of sludges produced in 
wastewater treatment- depend upon the treatment processes 
selected and the manner in wriich those processes are 
designed and operated. While research on wastewater 
treatment processes has, in the past; tended to emphasize 
pollutant removal without substantial concern for the 
nature of the residues produced, a focus on residue-related 
problems is appropriate for the future. Is it possible to 
develop wastewater treatment processes which will 
segregate in a small volume those constituents of 
wastewaters (such as heavy metals) which interfere with 
effective management of sludges? What factors in design 
Bini operation of biological wastewater treatment processes 
influence the physical characteristics of the excess sludge 
produced? What organic loading intensity in biological 
wastewater treatment processes results in least overall cost 
for wastewater treatment including residuals management? 
Can phosphorus removal be accomplished by means which 
do not result in massive accuniulation of chemical sludges? 
' These are but illustrations of questions related to control of 
sludge quantity arid quality through manipulation of 
wastewater treatment processes for which a foundation of 
basic research results is needed. 

The final oppprtunity for altering the quality of sludge 
occurs after the sludge is formed. Present practices in this 
regard involve primarily the alteration of physical 
properties through conditioning processes, and alteration of 
chemical properties through "stabilization and incineration. 
The availability of practical approaches to segregating 
selected constituents of sludges could simplify current 
sludge managment problems. For example, basic research 
which would lead to an ability to selectively remove heavy 
metals or reo^lcitrant organic compounds from sludges 
would be extremely valuable. 

SLUDGE TREATMENT PROCESSES 

•The purpose of sludge^treatment processes is to prepare 
sludge for ultimate disposal or reclamation. Processes 
commonly used are for the purpose of removing water from 
sluices or for alteration or conversion of sludge properties 



(for example, by stabilization or combustion bf organic 
materials). 

Processes fair Removing Water 

Rempval of water from sludges serves to reduce the 
required size of treatment, storage, ap^ transportation 
facilities!, "tliickening and de^mcring processes 
conventional^ have beei) used fpr the removal of moisture 
, from sludges, atad conditioning processes have been used to 
alter the physi»^ properties of sludge so as to facilitate 
removal of mj)i^re. Novel processes such as ultrafiltration 
and electroosmosis have been tried, butdonotaccountfora 
significant portion of the • moisture removal facilities 
presently in operation. 

Research oh fundamental sludge properties (see previous 
sections) should be conducted and interpreted with 
appreciation for the need for improved methods for removal 
of water from sludges. Innovative approaches which could 
stem from investigatiops of the basic physical, chemical, and 
biological properties of sludges are needed. 
/ Current research needs related to gravity thickening 
iriclude improved understanding of basic m^echanisms 
involved in gravity and flotation thickening bf compressible 
slurries, elaboration and improvement techniques for 
characterizing thickening properties of suspensionsina way 
which links fundamental thickening behavior (6"^ocess 
design and operation. " 

Sludge conditioning is perhaps the process for which the 
least, amount of fundamental information is available. As 
preatntly practiced, sludge conditioning by chemical, 
physical, or biological means is an art. From basic research 
results on fundamental properties of sludges should come an 
understanding of the mechanisms involved in sludge 
conditioning. 

Fundamental research is needed which would lead to 
description of conditioning requirements for a particular 
sludge and allow intelligent selection of specific 
conditioning techniques or conditioning chemicals. 
Capability for selectively controlling particular sludge 
properties (like floe density, compressibilify, or 
permeability) to improve performance • of particular 
thickening or dewatering facilities is needed. 

Dewatering as conventionally practiced involves 
imposing a pressure gradient on sludge, by one means or 
another to cause flow of wiater through* the porous media 
contributed by the solid phase of the sludge. Fundamental 
understanding of such .processes currently breaks down 
when the porous medja is compressible (as sludge solids 
are). Improved understanding offiow through compressible 
porous media is required to permit improved design of 
dewatering facilities, to allow sensitive interpretation^of the 
significance of basic physical properties of sludge, arid to 
enable effective selection of dewatering techniques. 
Currendy, sludge dewatering facilities are designed .on the 
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basis of prior experience; crude laboratory testing, or pilot 
scale operation. A means for characterizing the basic 
properties of sludges which determine performance of 
'dewatering facilities could lead to development of design 
techniques which produce fax more economical and 
effective dewatering installations than at present. Other 
basic research needs in the area of dewatering relate to the 
characteristics ofv particular classes of dewatering 
equipment. For example, design of a vacuum filtration 
installation based on understanding of fundamental factors 
influencing performance would require rigorous analysis of 
the "drop off* phenomenon, and a fundamental evaluation 
of the scrolling process is needed to facilitate design of 
centrifuges. 

Conversiort Processes 

Conversion processes are used to change sludge 
properties lo a nriore desirable form prior to ultimate 
disposal or reclamation. Basic research should relate both to 
establishment of the need for the conversion processes and 
to improvement cm fundamental understanding of the 
processes themselvel Examples of research needs related to 
establishmeiit of the Wed for conversion processes include 
rigoijous efjidemiologiWl studies to evaluate the hazard of 
disease transmission ^sociated with land disposal of 
sludges. In addition, the ^tent to which organjc compounds 
in sludges nc;ed to be stabilized prior to application on 
agricultural' land requires examination. Traditional 
practices call for stabilization of sludges to be applied to 
land, but it might be argued that such stabilization could be 
iaccomplished in situ in properly managed soil systems. 
Similarly, there is current interest and' research on 
' inactivation of viruses and organisms prior to land 
application. The perceived need for such treatment is, 
however, intuitive, and epidemiologicalstudies would aid in 
clarifying when inacrivation is, indeed, required. These are 
but an illustration of needs for research to rationally assess the 
circumstances ur\der which specific conversion processes are 
required prior to specific ultimate disfJosal or reclamation ^ 
schemes. 

In spite of the common usage of anaerobic digesters for 
sludge stabilization, th^je is need for basic research to^llow 
improved operational control of the process. Similarly, 
researph on themophillic anaerobic digestion is needed to 
assess its performance characteristics, its role in efforts to 
minimize net energy consumption' in wastewater 
management, and its possible advantages from the 
standpoint of inactivation of organkmsand improvement in 
physical pro^rties of sludges. Through understandipg^of 
factors controlling the performance of other sludge 
stabilization processes such as aerobic digesjtion, 
composting, and chemical stabilization would lead to 
improved capabilities for more effective and efficient 
process design and operation. 
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Changes in gnergy availability and cost require vast 
improvements in performance of sludge treatment processes 
which involve destruction of organic coi 
means. Many such improvements 

, without need for basic research, but 
properties and ' on fundamental 
performance of sludge treatment 
enhanced capability, for inei^easing 
introduced to incinerators. Mbfe needs 
the fate of constitutents in sludges (such as 
toxic organic substances) under various 
combustion and pyrolysis in order that design 
of such facilities can be carried ,out to minimize 
environmental risks. 

. Just as wastewater ireatrtfient processes havelbided to be 
developed withqut adequate concern formanaAteent of the 
residues produced,^sludge treatm"ent practict^flke tended 
to be developed without adequate cancern^flP^^jotential 
effects of recycle streams on wastewater processes. Basic 
research on factors influencing the quality of recycle streajns 
from various sludge treatment processes is needed to allow 
evaluation of the Interactions between sludge treatment and 
wastewater treatment processes. Design and operation of 
combined wastewater sludge treatment systems can be 
optimized only if the interactions between the various 
processes are fully describe^^. ^ 

RECLAMATION - 

Aside from application of sludges fo agricultural land, 
beneficial use of sludge has not been common. The 
desirability of reclaiming* sludge constituents is clear, and 
improved source control and pretreatment of industrial 
wastewaters, increased awareness of the need for energy and 
resource conservation, and improved understanding of. 
basic chemical properties of sludges (:ould lead to more 
frequent reclamation in the future. i 

Waste biological sludges contain about forty percent 
protein, and clean sludges have been used as animal food 
supplements. Basic research to identify the opportunities 
and limitations associated with this practice and research on 
means to cleanse sludges before they are introducedKto the 
food chain or means to extract protein is warranted. 

The large variety^ of chemicals contained in sludges 
justifies exploration of possibilities for economical 
extraction of a variety of constituents. Some possibilities 
which would seem to warrant priority include recycle of 
chemicals used in wastewater treatment, separation of* 
phosphorus from sludges produced in nutrient removal, 
reclamation of constituents which are in high concentration 
in industrial sludges, and ektraction of sludge constituents 
with extremely Iwfeh value; Vigilance is needed in developing 
reclamation schemes to ^ascertain that waste products 
produced in the process of reclamatiorr do not seriously 
influence wastewater or sludge treatment processes. 
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ULTIMATE DISP6%L 

Sludge constituents. which cannot be used must ultimately 
be returned to the environment. Many of the sludge 
problems and controversies of recent years involve uhimate 
disposal, and could have been avoided or minimized by the 
availability of basic information on sludge constituents and 
their behavior in air, land, and water. 

A major basic research need. concerns the food chairl 
implications of sludge utilization on agricultural land. 
Knowledge of shbrt term and long term interactions of 
heaVy metals contained in sludges with soil constituents, 
organics in the sludge, and plants would permit more 
intelligent design of land application systems. Similar 
' understanding is necessary for recalcitrant organic 
'compounds. Related uncertainties associated with land 
application such as fate of viruses arid pathogenic organisms 
also could be reduced by fundamental studies. 

While much sludge is disposed of in landfills, little is 
known of the fate of sludge constituents in landfills. Basic 
research on this question should be coupled with wor^ on 
improved Jandfill design and operation practices. ^ 

The desirability of conducting basic research on th^ fate 
of pollutants contained in sludgesWhen they are discharged 
at sea is clouded by what is effectively aTederal ban of future 
ocean disposal. Nevertheless, basic studies on fate of 
pollutants, food chain implication, etc. would permit 
rational evaluation of the advi&abi-lity of the policy. Also, 
. the" attractiveness of sludge management schemes which 
would make use of sludge, ^constituents in mariciilture* 
^ projects warrants basic research. 



PLANNING, DESIGN, AND OPERATION OF 
INTEGRATED SLUDGE MANAGEMENT 
FACILITIES ' V 

"The treatment and disposal of sludge. . . are most 
difficult and expensive problems and, as muph as any have 
been the c^ild of fashion and have suffered from a lack of 
planning" (3). improved planning for management of 

* residuals from wastewater treatment is' essential on 
international, national, regional, and local levels. These 
planning activities would benefit from basic research ofthe 

* type described in previous sections, but, in addition, basic 
research on aspects of planning unique to sludge 

^ management is warranted. ^ 

In recent decades, more sludge management schemes 
probably have failed for social reasons rather than for 
technical ones. Basic behavioral studies might be useful on 
identifying factors which shape reaction to sludge 



management schemes, and, thus, enable technically feasible \ 
solutions to be implemented^ Basic work on analysis of risks 
associated with management > of sludges- by various 
techniques is warranted to enable regulations ' and 
judgments to be founded on a more rigorous analysis than 
has typified past decision making processes. 

Analysis of ba(sic interactions between sludge production 
facilities and sludge treatment, utilization, and disposal 
facihties is warranted to improve the effectiveness of overall 
systems for wastewater rnanagement. Such analyses should • 
include evaluation of interactions between individual sludge 
managm^nt processes so as to identify efficient means for 
integrating individual processes into efficient overall ** 
schemes of sludge management. 

Operational control of existing and future ^sludge 
management facilities could benefit in many ways from 
basic research results. Such^ benefits \vould stem, fbr 
example, from .increased understanding of the effect of 
individual control variables on performance, from sludge 
testing procedures which are sensitive to factors influencing 
process performance, and, in the long term, to computerized 
process control procedures based on fundamental 
understanding of the performance of wastewater treatment 
and sludge management processes under dynamic 
conditions. 



SUMMARY 

iSludge management has suffered from a lack of basic 
research more than most areas of water pollution control. 
This historic lack of basic research on sludge is particularly 
unfortunate at the present time because of challenges to 
effective sludge management created by, the generation of 
greater quantities of sludge, increased production of sludges 
- from treatment of toxic substances, changes in energy 
availability and prices, and the adoption of more rigorous 
standards for control of environmental quality. 

No attempt has {)eeh made in this brief paper to develop a 
comprehensive list of basic research needs concerning the 
residues created in wastewater managment. Instead, broad 
areas of desirable research have been suggested, and 
illustrative basic research topics have been mentioned. 

Research on fundamental chemical, physical, and 
biological properties of sludges would be useful in dev- 
oping means f6r control of sludge properties, for 
achieving improved understanding of factors influencing 
performance of sludge treatment processes, and for 
evaluating possible environmental impacts from sludge 
reclamation* or disposal techniques^ Basic research on 
factors influencing performance of processes used in sludge 
t^eament would enable evaluation of the interactions 
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between processes, - and allow more effective and cost 
effective designs. Similar rigorous research is needed to 
explore opportunities for reclamation of sludge constituent^ 
and to qvaluate factors .influencing the fate Of sludge' 



constitutents in'ultimate disposal schemes to provide a basis 
for controlling those facilities' to achieve effective 
management of residues without adverse environtiiental 
impact. / / ' ■ ' . 
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DISCUSSION ' ' . 

Aurne Vesilind (Duke University) for Dr. Richard I. \' 

Dick: . - . cafowi or rapid sand filtration. 

The second Reason why fundamental research in sludge 

. Richard Dick has adequately and Accurately described 'management is scarce is that many potential researcfiersarc 

the dismal state-of-the-art in sludge managmentr and has . scared off. Probably the most ' frustrating aspect ^-of 

demonstrated that the problems asscjiciated. with the conducting sludge research is the variability of sludges. ^Not 

treatment and disposal- of this somewhat embarrassing by- only is there a tremendous difference in physical, chemical 

product of our sdciety has toa loxig been ignored by and biojogical properties of sludges from different treatment 

- researchers. ' ' plants, but the AflweA/utige, given a little time, >yill change in 

I would like to suggest that ther^are two' basic reasons for character. Running controlled repetitive experiments thus 

the lack of research effort in sludge managmcnt: a) II is not a becomes a true test of character. 

very esoteric or rpmafttic 'field of endeavor, b) The Again, I want to reinforce the main point in Dr. Dick's 

variability and complexity of sludges greatly complicate paper: We simply.know far too little about sludge properties 

the undertaking of fundamental research.. and characteristics, and thus cannot apply fufldamental 

The first reason is ipt too difficult to understand. .y\ ' knowledge to the very real proble^p of sludge^^ 

graduate student needs only experience mild ribbing about ~ disposal. In my.opinion, the two main reason^foMttsgapin 

his, chosen area of professional competency to make him our knowledge is the seemingly unsavory nature of the 
wish he had chosen a mor&sophisticated area like activated ' 'needed research, and the difficulty of the problem. 
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